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The present Volume, including data to December 1957, is the third of a series being prepared
at the National Bureau of Standard. under a project on the compilation of atomic energy levels
derived from the analyses of optical spectra.

Volume I, published in June 1949, contains the energy levels of 206 spectra of the elements
Hydrogen through Vanadium, Z= I through 23. Volume II, completed in August 1952, includes
similar data for 152 spectra of the elements Chromium through Niobium, Z=24 through 41.
Volume III covers the elements Molybdenum through Lanthanum, Z=42 through 57; and
Hafnium through Actinium, Z=72 through 89. It includes 124 spectra, and is identical in
arrangement with Volumes I and II. The form of presentation is that recommended by the
majority of interested scientists who received a questionnaire proposed by the National Research
Council Committee on Line Spectra of the Elements, when the program was started in 1946.

The manuscript has been prepared by Charlotte E. Moore under the direction of William
F. Meggers, Chief of the Spectroscopy Section of the Atomic and Radiation Physics Division.
The success of this project has depended heavily upon the cordial and continuing collaboration
of the many apectroscopists who have made an unusual effort to furnish data in advance of
publication. Their efforts together with the unfailing cooperation of the National Research
Council Committee are greatly appreciated.

Perhaps the most difficult phase of this extensive program lies ahead. The two groups of
rare-earth spectra (58 Cerium through 71 Lutetium, and 90 Thorium through 100 Fermium)
remain for Volume IV. At best, the preparation of this Volume within the next few years Will
tax the most experienced and -Jlented workers available. These spectra are the most intricate
and least known of atomic spectra. Consequently the type of collaboration we have enjoyed
with qualified spectroscopists in the preparation of the first three Volumes of the "Atomic
Energy Levels" series will have not only to continue but be substantially augmented if the.
fourth Volume is to be brought to satisfactory fruition.

A. V. AsT.%, Director
WAs5 oT•roN, D. C., July 1, 1957.
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1. latrduc• .

The present Volume is the third of a series being pre- such a program was stressed because Bacher and Goudunit
pared at the National Bureau of Standards in continuation did not contemplate revising their very useful book on
of a project started in 1946. At that time the National "Atomic E rgy 8sW so Deied from tAs Analy. of
Research Council Committee on Line Spectra of the Optical Sp•e• ," published in 1932. The demand for
Elements met to discuss details regarding the preparation, these Volumes has abundantly justified the need antici-
in the Spectroscopy Section of this Bureu, of a critical pated by the Committee in formulating and supporting
compendium of Atomic Energy Levels. The need for this extensive project.

2. Scope of the Preset Tamles

This Volume covers the elements Mo to La (Z=42 by Mack [31 and by Meggers [4] for many spectra. In
to 57) and Hf to Ac (Z=72 to 89), thus completing the addition, selected papers are listed for a very few spectra,
Periodic Table except for the two groups of rare-earth pav dcularly if they do not appear in current bibliographies
elements, which will comprise Volume IV. Pending the summarizing hyperfine-atructure data. Workers in this
completion of Volume IV, which is by far the most difficult field will find these Volumes seriously inadequate.
of all, a current list of references to analyses of rare-earth Since these tables do not include the lists of observed
spectra is included here in Table 33, p. xxxm. spectral lines from which the atomic energy levels are

In spite of requests to increase the scope of the tables derived, the users must consult the individual papers on
it has been decided to retain the general format of Volumes the analyses of the separate spectra for wavelengths,
I and II throughout. intensities, and line classifications. This difficulty is being

As the atomic number increases, the spectra become handled, in part, by the preparation of "An Ultraviolet
more complex. Because of configuration-interaction and Multiplet Table" (5] for selected spectra. Each Volume
breakdown of IS-coupling it is increasingly difficult to of "Atomic Energy Levels" is accompanied by a Section
make term-designation assignments that are significant. of the Ultraviolet Multiplet Table covering the same 0
Consequently, the present Volume has many more miscel- range of elements. Section 3 of this Table is now in
laneous levels than are found among spectra of lighter course of preparation. For multiplet data on individual
elements. It is hoped that this compendium will provide spectra in the wavelength range longer than 3000A the
useful data for workers interested in future studies of the "Revised Multiplet Table" [6] will suffice to some extent.
general problems of configuration-interaction and coupling, A revision of this 1945 edition is in course of preparation.
even though many of the spectra are incompletely Urgent requests for Grotrian Diagrams to accompany
analyzed. these tables have been met in part by the preparation of

The important subject of hyperfine structure is handled selected Par"alGroian Diagra•im of AaMrophy/iosl
only by general references to bibliographies on the subject. Irtere, accompanied by tables of related lines in indi-
In the present Volume the publications by Walelii [I] vidual spectra of the isoelectronic sequences represented
and by Klinkenberg [2] replace the earlier bibliographies by the diagrams (7).

3. Ar m ent
The arrangement of the data in the various columns of GD Grotrian diagram.

the table, and the notation are described in detail in E D Energy diagram.
Volume I, and will not be repeated here, since the some Z E Zeeman effect.
style has been followed throughout. In general, all levels IS Isotope shift.
of the "odd" type are printed in italics. hfs Hyperfine structure.

The letters in paremthese followin the literature refer-
ences have the following meaning: These letters describe briefly the scope and content of the

paper. If no such letters follow a reference, the paper is
I P Ionization potential. mentioned in the text for the spectrum in question. For
T Terms. example, in general no letter accompanies references to
CL Classified lines, theoretical papers.

-Fleu in twwkM b~# Iftum a P. I&r.
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4. Ta . of Predkied and Obawvd Amrys of Tur

As in the preceding Volumes, for complex spectra who.. predicted by theory for spectra of the different isoelectronic
anlyss are not asriously incomplete, arrays of observed sequences ae included in Tables I to 32 (pages xn to
term follow the individual listings of atomic energy levels zxm) as follows:
in the table. Similar, but more extensive, arrays of terms

Table Sequenee Table Sequenee Table Sequence Table Sequence

I MO 1 9 On 1 17 Ta 1 25 TIt
2 To t 10 8bt 18 W 1 26 Pboi
3 Ru 1 11 To 1 19 Re 1 27 Bi n
4 Rh 1 12 1 1 20 O0 1 28 Po I
5 Pd t 13 Xe1 21 Irt 29 At i
6 Ag 1 14 Bat 22 Pt1 30 RDt
7 Cd1t 15 La 1** 23 Au 1 31 R&t
8 In t 16 Hf t 24 Hg t 32 Ac i

L.Iaders indicate that predicted terms from additional In the arrays of predicted terms the order follows in a
electrons have been omitted. general way that of the limit terms of the first spectrum

For the Xe i and Rn i sequences the tables give pre- of the sequence. Consequently, in successive Volumes
dicted terms (LS-coupling) and predicted pairs of levels the arrays are not identically arranged, since different
(.A-coupling), as has been done for the preceding spectra configurations and limit-terms predominate as Z increases.
of the inert-gas type. The pair-coupling notation in the Predicted terms in configurations involving equivalent
general form suggested by Racah [81 has been adopted as electrons are summarized in a number of general references
before, to take into account the departure from LS-cou- to atomic spectra. [9]
pling.

5. The Periodic Table

LI The Chemical Elements by Atomic Number; lemisa- The writer takes this opportunity to point out that she
doe Potentials (Table 84) misquoted the limits for the spectra of the C i and N i

Requests for ionization potentials have exceeded all sequences in Volume I. The resulting corrected ioniza-
others for data in these Volumes. A number of those tion potentials are included both in Table 34 and in the
published in Volumes I and II have subsequently been list of corrections facing blank page 238.
revised. Ionization potentials for all spectra in Volumes Although series are not known for all the listed spectra
I, II, and I1, so far as known, are listed in Table 34, of a given stage of ionization in the respective periods of
which supersedes those published earlier. Column one the Periodic Table, yet it is possible to derive fairly reliable
gives the atomic number Z; column two the chemical limits in cases where well established series are known for
symbol of the element. Successive columns contain the neighboring spectra. Russell has discussed this for the
ionization potentials of the atoms or ions in successive group of second spectra from Ca to Zn [13). Similarly,
stages of ionization, i denoting first spectra (neutral Catalin and Velasco [14] have determined limits and
atoms); ii, second spectra (singly ionized atoms); etc. ionization potentials for the first, second, and third spectra

Throughout these Volumes the ionization potentials of the iron group. Catalin and Rico give similar data for
are derived by multiplying the limit in cm- (K) by the the first and second spectra of the palladium group 1151.
conversion factor 0.00012395, to express it in electron Rico has generously furnished revised values for the
volts. This factor was recommended by Birge in 1941 [101 second spectra of this group, and for the third spectra
and adopted by the Joint Commission for Spectroscopy Y ni to In in, in advance of publication (16].
in 1953 "to conform to the standard book 'Atomic Energy From a study of screening constants, Finkelnburg and
Levels'. With the 1951 values of A, c, and e the value for Humbach have interpolated ionization potentials for the
A, is between 12396 and 12397". [11, 121 entire periodic table (171.

Vii'
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&23 The abme 3Iemoof by ChemuI symbo Column I gives the atomic number Z followed by the
(TAN.U chemical symbol under the heading "Element." The

remaining columns indicate the successive stages of ioniaa-
For convenience of cross reference, the chemicsl ele- tion under the general heading "Spectrum," i denoting

ments awe liated in Table 35 in the alphabetical order Of first spectra (neutral atoms), ii second spectra (singly-
the chemical symbol. This Table is identical in formn ionized atoms), in third spectra, etc. The numbers in
with Table 24 in Volume 1, and Table 19 of Volume II. the body of the table indicate the page on which the data
It includes the four additionsl elements, 99 Einsteinium, for the individual spectra may be found.
100 Fermium, 101 Mendelevium, and 102 Nobelium, In this table, isoelectronic spectra appear on the
whose names have been adopted by the International diagonals. Alternate diagonals are printed in bold face
Union of Pure and Applied Chemistry Commission on type to emphasize the spectra of each sequence. Blanks
Nomenclature (Section of Inorganic Chemistry). occur for spectra in which structure is not yet known.

No isoelectronic sequences are carried into the rare-

&3 Te Prlod Sylom TaW36)earth groups of spectra in this Volume, hut they will be
5.3 he Pdedi Sytem Tabl U)continued in Volume IV for the two groups of spectra of

Table 36 is identical in formn with Table 25 of Volume I elements with Z>57 and Z>89. respectively. The

and Table 20 of Volume II. The general arrangement is isoelectronic sequences in this part of the periodic table
similar to that given by Condon and Shortley on page 333 are, in general, very short. Those started but not comn-

of "The Theory of Atomnic Spe~drio" [181. pleted in Volume HII are as follows:

Sequence Spectrum Sequence Spectrum
L.4 Index-Iueelectroolc Sequences (Table 37)

CsIi Ce iv Fr i Th av
This table is the index to the data in Volume III, i. e., Ba I Ce ini Ra i Th iii

the spectra from Mo through Ia and Hlf through Ac, 1a I Ce ii Ac Th ni
arranged similarly to the indices for Volumes I and 11. ________
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7. A@kIWO

The present Volume could not have been prepared The response from abroad has also been gratifying. In
without unrelenting effort on the part of spectrescopits at Madrid, the late M. A. Catal~n and his entire staff spared
home and abroad. At the National Bureau of Standards, no effort in furnishing analyess especially for inclusion
W. F. Meggers, Chief of the Spectroscopy Section and here. In Amsterdam, P. F. A. Klinkenberg and J. C..
Chairman of the National Research Council Committee van den Bosch and their students have been very coopera-
on Line Spectra of the Element., has given generously of tive. G. Racah, in Jerusalem, has been a valuable con-
his time and expert advice on numerous difficult questions, sultant. R. F. Barrow and H. C. Rowlinson in England;
and has painstakingly supervised the work throughout. B. Edl6n in Sweden: and a group from ('anada, A. M.
He, with the assistance of his coworkers, has contributed Crooker, R. Nodwell, J. N. P. Hume, and M4. F. Crawford
unpublished analyses for more spectra than any other have all provided unpublished data.
single individual, 13 spectra in all. C. C. Kiess has like- The writer is deeply indebted to these many contribu-
wise arranged his entire schedule to fit into this program. tors, but the users of this Volume, who will have the lasting
The unpublished data from him and his colleagues on six benefit of this collaboration, are perhaps more deeply
complex spectra, have greatly enhanced the value of this indebted. It is sincerely hoped that equally generous
Volume. His spectra start Volume III (Mo i and Mo xu) support will continue throughout the preparation of Vol-
as was the case with Volume II (Cr x and Cr xx). Many ume IV, which will include the most difficult of all atomic
helpful suggestions from the standpoint of theory have spectra, namely those of the rare-earths.
been made by R. E. Trees. K. Kessler with the assistance The services of many experts are required to publish
of the computational laboratory has carried out work on these, data. Miss Sarah A. Jones, the Librarian of the
several spectra with the digital computer. Much of the Bureau, and her staff, have handled most efficiently the
observing on the above programs has been done by C. H. numerous requests for literature references. The splendid
Corliss and W. R. Bozman. All members of the Spectros- work of J. L. Mathusa and the staff in the Publications
copy Section have been most willing collaborators. Section of the Bureau, on the details of publishing these

At Princeton, A. G. Shenstone has arranged his entire complex tables, has attracted the attention of many users.
research program to supply data for this Volume. Except J. E. Carpenter has been a most helpful consultant.
for his splendid work, a number of spectra would have Special thanks are due also to Mrs. Betty L. Arnold whose
been seriously incomplete. The late H. N. Russell also competence in handling the publication details has been
continued to take a keen interest in the work until the invaluable. The personnel in the Government Printing
time of his death. Office have also been most cooperative. Mrs. Isabel D. 0

At the Oak Ridge National Laboratory, J. R. McNally, Murray has provided competent technical assistance
Jr., P. M. Griffin, and others have cooperated, ashavealsoM. throughout the work.
Fred and F. S. Tomkins at Argonne National Laboratory. The writer takes great pleasure in recording here her

J. E. Mack and his staff, and D. D. Laun in Wisconsin, appreciation of all the generous assistance she has received.
C. J. Hurnphreys in Corona, Calif., and R. A Fisher at The most lasting pleasure comes from the willingness of
Northwestern University have been cordial collaborators, so many to contribute unselfishly to these Volumes.
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The number to he table nmUsete the aam.no In the bibliogaphy below

- pi
I II III IV VI

38 C0 1,2,10,31,I

59 Pr 3,12 ,31

so Nd 17,31,32 17,29,81,32

62 Sm 9

64 Gd IT, 30 30

Sr 12 12,35

71 IA 8,20 7

90 Th 12,31 17,22,31 19,29 18,21

92 U 6.15,16,31,3%34 5,6.22,31.32,32,34 1i

94 Pu 4,12. 235 4,14

98 Am 12,13 12,13

9 Cm 11
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Symbol glem &t Z Symbol Element Z By.', o Element Z Symbol Element Z

At Actinium so Er Erbium 68 Us Magnesium 12 Rn Radon 86
Silve 47 Be Einsteinium 99 M MR
Aluminum 12 Eu Europum 63 Mo Bum Sulfur 16

Am Americium 95 F Flu 9 N Nitrogen 7 Sb Antimony 151
Ar Arsn IS F Ia 20 Na, sodium 11 Be Scandium 21As Armo 33 Fm FermIum 100 Nb Niobium 41 Be Selenium 34
At Aestine 88 Fr Francium 87 Nd Neodymium 60 Si swlloon 14
Au Gold 79 Ga Gallium 31 No Neon 10 8m Samarium 62B Boron 5 Gd Gadolnum 64 Ni Nickel 28 Sn Tin 50

Be Beryllium 4 H Hdo eII Np Neptunium 93 Ta Tantalum 73"IN Barisu (D Merum No0 Nobel 8 S. STrotium 88
Bk Bereum 97 (T Tritium) 0e O UOm 76 To Technetium 43

Br Bromine 35 He Helium 2 P Phosphorus 15 To Tellurium 52
C Carbon 6 Hf Hafnium 72 Pa Protactinium 91 Th Thorium 90
Ca Calcium 20 Hg Mercury 80 Pb Lead 82 Ti Titanium 22
Cd Cadmium 48 Ho Holmium 67 Pd Palladium 46 TI Thallium 81
Ce Cerium 58 I Iodine 53 Pm Promethium 61 Tm Thulium 69
Cf Californium 98 In Indium 49 Po Polonium 54 U Uranium 92
C1 Chlorine 17 Ir Iridium 77 Pr Praseodyum 59 V Vanadium 23
Cm Curium 96 K Potassium 19 Pt Platinum 78 W Wolfram 74
Co Cobalt 27 Kr Kr"pon 36 Pu Plutonium 94 Xe Xenon 54
Cr Chromium 24 IA Lathanum 57 Ra Radium 88 Y Yttrium 39
0u Csilum 55 LU Lithium 3 Rb Rubidium 37 Yb Ytterbium 70
Cu Copper 29 Lu Lutetium 71 Re Rhenium 75 Zn Zinc 80
Dy Dysrsum 66 Md Mendelevium 101 Rh Rhodium 45 Zr Zirconium 40
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MOLYBDFNUM

42 deetres Z-42

Ground stat. 10U 20' 21030' 3VO W 40' 49 4F Se 'S%

53 M TS K 1. P. 7.10 volts

The analysis is, for the 1ost part, by eesm, who started work on Mo i some 35 years ago,
when he first became interested in Cr i and Cr xi. After the discovery of the first multiplets
of Mo i the analysis was postponed because of the need of further observations. About 8
year ago Kie.. and Miss Harvey resumed work on a new description of the spectrum including
Zeeman observations. The present line list extends from 2000 A to 11850 A, and includes
about 7500 lines, of which about 80 percent are classified. The Zeeman observations are
from spectrograms meade at the Mansschusetts Institute of Technology, ts well,%% the National
Bureau of Standards. Some observed g-values in the table are means of as many as 10
dAerminatio ' .

Observed intersystem combinations connect the terms of different multiplicities. It isn
one of the few spectra in which four multiplicities are known.

In a spectrum as complex as Mo z it is particularly difficult to &ssign configurations. The
low even configurations are discussed in the 1952 paper by Trees and Miss Harvey. The odd
ones are tentatively assigned, in many cases. Configurstion-intaeration and the resulting
perturbations complicate the problem. Since the work is still in progress some of the numbers
in column three used to designate miscelleaaous levels are subject to replacement by term
designations. Consequently they do not run continuously.

The limit is well determined by the ns IS series of three members (it=5 to 7).
A Monograph on Mo r is nearing completion.

REFERENCES

X. Z. Trees sod b. M. Harvey, J. Research Nat. Bur. Std. As, 397, RP 2378 (1952). (T)
Hf. K. WANil, A Tabe of Nudea Monseng Digs, Oak Ridge Nat. Lab., ORNL-1469, Buppi. 11, 29 (1955).

C. C. Kim and M. M. Harvy, unpublished material (June 1956). (1 P) (T) (C L) (Z E)
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2 18366.53 - 123 12 1.79
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4 680. 88 44. 52 1,8924 736 4M c' H 6 34810.14 _1092 1.09

5 34912.06 -13000 11040(a 4F)6S a 'F 5 2505. -9174 1.394 4 3504106 - 0 .79
4 25997.32 _-91. 16 1.322
3 26189.48 -- 146.39 L 307 40d'5s(a D)Sp x 'D* 0 87128.14 164.86 0.0008 2673. 87 52. 05 1.031 1 8798.300 2823 1.489

2 87579. t8 38924 1.247
3 87968. -47 454. 632 1. 4924d1(a'P)5s b 8P 0 26450.10 - 1.14 884*8.10 1.482

1 26414. 90 1 3 .0 1.41
2 27415 27 1 L 41 Ud' s(b 4D)Sp v &DO 0 87865.69 53686 1.000

1 37901.55 620.71 491
4d0 5e a4O 4 26635.82 L 014 2 8852,.,6 6376. 1.241

3 89159. 89 7 63 . 21
40(a'D)5s b'D 3 2663K. 84 . 234 4 89915.64 755. 5 1.463

2 26756.70 0 1.24
1 27362. 55 1.06 10 1 .98626.50 1.443

S S 0 0 0 0 0 0 0



3®

Mt --Coaniued Mo 1-Cmedaned

Conf. De@al J Level Intera Oba. C;044 Del6 . J Level Interval Oba. p

404'4 G)SP s GO 2 3898840 1 a.0S 428 4d& &(* 4H)5p I OHO 3 43697. 53 0. 53 2
3 39151.48 l31. 05 1.070 4 44011.6 4i a 10

4 3*93•. M 3558 5 44444.51 250.42
3 $9445.11 7696 6 44694. 710.976 $ l is 7.7 45405.90

4 d & & e(b o D ) Sp z Tp O i I S1 8& 58 1 0 4 .61 6 4 8 5 U s b e(e a )a b p 90'G 3 43 9 7 5 .5 8 4 8 5 0 7 1 . 0 7 5

2 39465.74 497.80 1.266 4 44450. 4 071 . 0
3 3960. 54 .282 5 4476.74 1.170

4df c'I 6 3952L 09 0.982 40'(s'D)Sp I $DO 1 44041-.0 483. 50 1
2 44564.59 39&. 45 1.1234d&(* IGasp a silo 7 8950. 05 -3 s3 44921.04

a 59*5. 23 -731 I1
5 4067.-34 299.67 40(a 08)5d I 'D 1 44935 784 40067.67 2 44940. 39 .8713 39749. 87 317.74 3 44947. 2,6 1.650

4 44957. 21 1.89
40(s I8)Go Is 3 39675 42 1.992 5 44970L 10 12.89 .605

404 5,(b.,ID)5p s apo 0 40 2 45388. 86
1 39779.89
2 39851.43 41.54 1.346 40(a '0)Sp s 8G0 3 45414.90 14138 0.794

4 46656. 58 279. 24 1.108
4Us 5s(b'D)Sp s IF* 2 898. I? 1. 350 5 45836.55 1. 100

3
4 40643.53 1. 256 4d0 5(b 4F)5p w, F* 1 45457.85 3274 0. 104

2 04545.11 209.59 1.286
4d, ,#(b 4D)5p a 8D* 1 40087.01 O 2926 0. 781 3 45634. 70 234. 7 .

2 40666. 7 19.84 . 160 4 45869. 57 2.37 4
3 409M4.11 397.84 L 278 5

2 2 40540.84 4ds(a 'D)5p z 'F* 2 45710.01 O 51 890
3 45938. 56 30L 09 1. 110

4d'(a 'P)5p z 'DO 4 4 45969. 1. 1353 40488."85 --340. 50 1. 4702 40589.85 -30.09 1.474 4d(a '8)5d s 6D 4 4578. 69 7.08 01 408.85 130.39 1.393 3 4579177 -7 39
0 407M. 00 0.000 2 45800. 16 -631

1 45805. 47 -1.90
4Us(a 18) 6 0 as 2 40840.28 0 45807.37 1.90

4ds( 'a0)5p W 'F 1 41011. 74? 20. 27 1. 235 4d,(a IP)Sp s 38* 1 45834.83 2. 048
19240 1.0533 41134.41 171. 13 1. 269 4ds(a'F)5p z sD0  1 45974.84 327.44

4 41395.54 -47.83 1.343 2 46301.78 57.69 1
5 41347. 71 1.385 3 46808.47 1.275

30 1 41398.43 1.067 50 4 46136.08

4 0'(s'G)5p 'FO 2 41484.54 365. 43 0.781 4ld(a 'F)Sp r IF* 1 46447.97 4. 56
3 41849.97 231.62 1. 084 2 46441. 5 0. 89
4 42081.59 1.225 3 46453.43 M 08

4 46756. 50 1.304
4d$(a 'D)Sp $ID 0 42173.10 -016.96 1.45

1 45156. 14 81. 27 1. 4382 4UM7. 41 818.299 1. 442 6° 4 .46590. 07 1. 1603 4540541 184.99 1. 425
3 741455. 40 319. 42 1. 403 70 1 46720. 11

4 402741.85 .0 * 1 4709

4d0(a 'G)5p an*H 4 43185.84 97.39 0. 851 80 2 46754. 90
6 42238898 61.76 1.258 4ds(a I)5p z 3P 5 46861.06 310. 70 1.13

6 47171. 76 821.14 . 13
4d&(a 4G)5p s 'GO 3 41970.06 226.8 0.884 7 4749.90

4 43195. 6 744 695 43046.864 1. 359 4d#(a 2D)5p w IF * 2 4687f. 5S 1 8
3 469,6. 40 1. 093

4d4(a'D)5p s IF* 1 42 43045. 53 2oo. 09 1. 0303 43845.51 284.23 1. 248 4d$(a oD)Sp w $D° 1 46895.08 21518 1.1S 64 43559.85 2K 23 1.365 2 47110.54 7t 34 1
5 43599.08 1.363 3 47184.%58

4d' (a 'H)5p x •I 4 43598.54 731. 69 0 779 9° 3 46955. 84 1. 66
5 44330. 3 0.956
6 100 1 47038. 81
7
8 110 2 47051.74 . 917

0 0 0 0 0 0 0 0 0



I'V
N. I-Cm~m~dMe 1-Coomdned

o Dii. J Level Interval Obe. conk. Domig. J Level Interval Oba. O

12? 3 47064.5 1.13 4d 6(b 4G)bp 9 qr* 1 49189.71 1 0.312 .403540. 0 1. 20

1V 3 47177.18 40 4 400 1 76 1.216

4#. #(b 'F)Sp y 'Go 2 47180. 54 124,72 0. 8s 5 495O. 68 1.362
3 47811. m 98. 02 91.48
4 47400. M8 24a 78 .0 3 4003

S47">0. 0 249.75 1.252 914
.47704.68 4 . 30 4d% 5(a H)Sp 1 1'" 5 4950. 60 49. 78 1.104

6 49400.88 164.75

140 1 47#48. 15 1. 164 7 4"866. 1i 1.122

150 2 47585.58 290 4 49O69. 50 1. 475

1NO 0 473846a 0.00 4do as(b 4P)Sp w " 1 49484.-14 227.72 13782 40711. 86 149. 06 2.16

17 1 47405.53 0889 3 515oo. 95 1.66

1V 5 47491.68 1.112 300 5 48595.6 4 1.008

1V 2 47587.58 1.12 40 5(a $D)6# f ID 1 4960 20 244609 12 990
2 4985229 30&.21

200 4 47710. 81 1. 056 3 5015. 50 6340 84
4 50790.34 45. 613

21 1 51275. 69 L 611

4d6 5.(c 'D)Sp Y 'DO 1 47779.-41 0. 076 4d0(a 'F)Sp u IF* 2 49801.41 -1 .58 0
2 48085.56 12(.69 1.4 49789.88 10614
3 48505.95 1.37 4 50184.14 34.41 1.210

220 3 47848.40 4d' 5.(b 'G)Sp w' G* 3
4 49863. 45 767.90 1.054

4d, 5.(c 4D)5p ut F* I 48015.58 -19 01 0. 29 5 50631. 35 1.1123
2 47857.25 201.00 1. 09
3 48058.55 IM1 83 1.283 310 2 49880.46
4 4819t. 05 3 . 293 1
5 48547.44 1.370 4d' 5#(c ,D)Sp # ,P" 3 49999.49 0 1050i 1.72

2 51049.60 93- 9 1.61
4dS(a 21) 5p y sHO 4 47876.78 31149 1 50118.27 152

5 48189.5t 211.04 1. 206
6 48400.56 1.195 4dP(a s)6p s IK* 8

7 50176. 83 -319. 10 1. 046
23 2 48038.89 6 50695.93 a O968

240 6 48150.58 1.20 4dI(o 68)6d I 'D 5 50364. 36 40 93
4 5032. 43 -A 31

4d0(a IF)5p 'rF 2 48588. 1 160. 79 0. 758 3 50371.74
3 48399.00 1.174 2
4 1

4S(a "8)7s f 78 3 48367.66 320 2 5048..46 1. 07

4do 5s(c 'D)Sp r sD° 0 330 4 50615.18 1.23
1 48410.88 -119
2 48408.69 12. 41 1.440 340 3 50670. 03
3 48583. 10 3A 34 L 496
4 48870.44 1.454 35* 2 50769.75

4d6(aG G)5p 3 'H* 4 4865t. 08 196. 89 0. 926 36° 4 50770. 10
5 48818.97 24176 0.972 1.083
6 4061. 78 1.108 370 5 50801.61

4d0(a 8)7# f '8 2 48741 20 380 2 50955. 56

250 1 48775.-48 4d' 5s(a 'H)Sp w sH* 4 50953. 80 799.62 0. 937
5 51753.4• . 1. 5

4d', b(b 4G)Sp z 'IG 2 48875.84 121.40 0.60 6
3 4897.54 149.45 1164
4 49146. 89 I 390 1 51070. 84

106.56 1.250 400 1 51165.07

4d(a9I)5p s 111o 5 489S. 51 0. 970 410 4 51134 16 1. 26

26* 1 48965. 80 0. 77 420 2 51404 83 1. 675

270 1 49169.31 43* 4 51585. 89 1. 040

S •0 •0 0 • 0
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Me i--C, dund Me i-CmdWud

C~aft De, 1 Level Inteval Ob, I Conig. Desig. J Level Interval Ob..g

W 2 15. P7 L 146 83° 4 5M. 5 0 1.17

46' S 51808.89 88 84' 5 55957.80 1. 14

4w 6 51853. 86 4 65964. 68 1. 016

47 4 51855.5 L158 286 1 54184.54

4P 1 8578. 08 30 87 87' 4 54295.15 1.04

49 3 51884.5 1. 13 88' 1 54341. 00

S 2 61891.a80 0. 6 890 2 5454.980 1.48

10 4 5Si0. 5o 1.266 90' 1 54551. 11

28 2 550. 09 910 1 54571.76 . 75

58 1 5015. 65 O. 91 920 5 64704.54 . 911

64' 3 52181. 01 1.34 930 7 54755.58 1. 10

55* 4 55404. 79 1. 16 940 3 64839.96 0. 31

5$6 2 55441.17 95* 3 54889.10 0.84

57- 5 56441. 96 W 4 5085. 76 1.050

58' 2 51443.57 1.12 970 6 55139.74 a. 96

6W 5 5*46. 56 L 088 980 3 65557.60

4d '6(e OD)6h &'D 0 990 3 5536. 81
1
2 1000 5 55587.54 1.12
3
4 5277..60 1010 4 65519.86

60 4 52679.54 1.055 102' 4 645907.71 1.09

61' 5 56867. 57 1. 18 103' 5 56975. 95 1. 10

62 2 5*740.51 4ds(a *H)Sp v J'H 5 j8181. 71 0. 96

63' 1 5*74•.9• 1040 3 56880.79 0.03

64' 3 5*901. 1 4d0(aIH)Sp s ]1* 6 568716.68 1.00

650 1 5*941.96 105' 6 66890. 71 1.21

660 2 5964. 76 106' 4 56945. 78
67' 4 55005.7'1 1.3857 107' 5 67019. 81 0. 98
68' 5 63112.10 1.40

60W 6 55184. 27 1.04 1084 3 57144. 6

700 5 55197. 79 1.324 Mo 1 (osm) Limit - - 720

710 3 582W. 86 1.01 109' 4 57818. 12

720 6 58590.78 110' 4 68090.10

730 3 5505. 78 1110 3 58195.85

740 5 5J557.5O 112' 6 68525.71 1. 15

75- 4 55478. 86 1130 5 58998.6* 0.88

76' 1 58488.00 1140 3 5956. 69

770 2 55O88. 75 L43 1156 2 69*49. 78

78' 3 5859. 18 1.18 1160 5 59496.61 1.07
790 7 $569. 76 1.125 117' 5 9615. 96 1.09

0' 3 536485.84 1.37 1180 5 69841.11 0. Oq)

81 3 5755. 87 1190 6 60192.00

8 4 55800.48 1.49 120' 7 61470.51

June 1984.

0 0 p• 0 0 S 0 *
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7O
Mo U7

(Nb I sequence; 41 deetrens) Z-42

Ground soats 1l2US2jP30 9 3d* 40 49PP40 %m

aa1I0SWK 1, V. 16.15 volts

Since 1932 no extemive work haa been done on Mo in except at the National Bureau of
Standards. A detailed description and anslyms have been completed by Kim eapecially for
inclusion here, and a Monograph has been completed.

His obervations extend from 2000 A to 6000 A, supplemented by several hundred lines
to shorter waves, measured on spectrogram furnished by Boyce and by Shenstone. Altogether,
about seventy percent of the known Mo nx lines have been classified.

The observed 9-values have been derived from Zeeman spectrograms taken at the National
Bureau of Standards and at the Masachusetts Institute of Technology.

The limit is from Catalin and Rico, who have interpolated it from data on second spectra
from Sr to Cd.

The prefixes a, b of the limit terms of Mo ni as given in the table are tentative. The
terms of Mo ix are very incompletely known, and the prefixes have been arbitrarily assigned
for convenience in describing the configurations in Mo it.

The present Monograph by Kiess represents work covering a span of 35 yews, culmi-
nating in the classification of more than 2600 lines. Numerous observed intersystem com-
binations connect the terms of different multiplicity. It is noteworthy that Kiem has found
14 of the 16 terms expected from the 4d' configuration.

REFERENCE8

M. A. Cata•in y F. R. Rico, An. Real goo. Esp. Fisues y Quimica (Madrid) (A] 48,328 (192) and letter (Decem-
ber 198.) (I P)

C. C. Kim., J. Research Nat. Bur. Std. CC, 375, RP2856 (1956). (T) (C L) (S E)

Mo U1 Mo n

Cong Desag J Level Interval Obs. Conti. Desi. J Level Interval Obs. V

US e 48 23 0. 00 4d4(a4 D)S, b 4D 034 2437112 287.08 0. 08134 24359. 20 AS& 07 L 194
4d$(a D)S a 'D 04 11786 36 250.70 & 301 21 2461127 31 I. 29

13 12034.W06 L 3%4 25341.58 1.637234 12417.26 383.22 1.63532 12900.283 3 & 05 1.584 4d0 a F 33 24809. 30 32 79 L 130
43 13460. 70 1. 543 23 2483 09 1.054

41s a 4G 23 18199.25 131.31 4(a 8H)5# a 'H 33 26041.18 446.97 0.798
334 1330.56 97.17 434 2648& 15 251.32 1.130
834 1446.973 19.24 5 26739.47 374.3 6 1.130

5½ 1544&. 97 64 2711& 83 .3 198

41. a FP 2 15691.22 -7.94 L 59 U a IG 4 2606& 60 -37. 01 L 066
I1 15699.12 -190. 96 33 26405 61 0. 7850H 15M9 12

4d(a$'P)5, b 'P 03 26603. 55 1024.00 1530
4sP a 4D 03 16796 14 0.77 9 1758 1% 27627.58 1394. 7 1. 700

13 17174. 10 170. 00 1. 391 23 2902M 12 L 574
23 17344. 10 170 0 1. 433
33 16946. 78 32 1.404 4d0 6 IF 33 27410.30 1-46 59 1.148

234 27878.89 -46.5 0900
4aRD 234 22444. 36 1.062

13 2284. 36 -420.00 668 4d a 11H 85 27627.00 -97.69 1.086
4% 2772t. 69 0. 987

40 a 11 5% 22980.48 267.71 0. 5
64 23248. 19 4d'(a IF)5 b 'F 2I1 28887 69 -&-67 1.0372% 28876.82 111. 14 10

40 a 4F 4% 2383186 -20.49 1.300 3% 2898. 96 45.21 1.135
3% 23853. 35 -81.01 1.219 4% 29034.17 41.278
234 23934. 36 -- 120. 29 1.018
1 24137.65 0.514 4di a 8 03 28950.36 1.968

....... .• 
•



Mo U-CAemam Me U-Cmtuaed

CoAmm I~m v Interval Ob.. u Conkg. Deos. J Level IntervAl Obt.L

4d'(o @)&@ 64O 21 29699 32 m20 04 0 758 4i'(e8P)bp y DO 014 5781955 130 0.w
314 001. ~ ~ 1 LOO 14 5140-75 L 1884)1461 1012407.419 6

,oo,1, 1o. 2".
177. 19268 13545929

.09. 263 1* 3 6070. 16 1. 30
41( 3P)4 P 0 32194. 0 4  22 0672 4D(e 1H)6p s H1 314 57891.0 3 O. 710

1 34419. 26 2 . 1.175 414 58196.68 O627 960
5½ 58760.95 56.27 1.110

1% 3306. 8 _3 73 0 O13 6,% 59491.83 L 206

b3304L 983 40'(a IP)Sp 8 8* 014 5857. 00 1.6514,f(eH) BES, bH 414 330457O
5 3601. 07 1.057 4d(a 'F)Sp s 'G* 2½ 59058. Of 42&(02 0 672314 597.84a 74 866 0.93

40(a tG)@ b 2G 33 33140630 106.16 0. 904 434 604M 4 N.06 0.684
S3325 46 1OU!811 61116.18 1.210

4d0(a D)5s c 'D 3 33549. 28 1.406 dl(a H)p a 1"1.0272l$ 3-7 44 4 1244.78
3L.721 323 50.6014.80. 021 7 6151. 66 503. 90 1.103

4d&(& s1)6o b IT 6 32 46 30 _ 1.083 4d(a F)p s 'DO 1½ 59840. 70 1151.77 0. 862
35406.02 214 6099147 1.705

4df(o "F)5L c IF 2134 M 80 45, 30 O, 913 40(a' H)Sp s 10, 3% 60135.57 87 7 1.011
3 36741. 30 1.065 414 60978. 14 837.7 1. 101

4di(. G)3e c G 314 37431.45 4 U 927 4d'(aS P)Sp it 'P 014 61184.15 32.52 2. 299
4% 38M88 .4 1.105 11 61456.77 7 1.656
2D14 3991 50 800 21 60415.47 968. 70 1.185

4d2(.D)5, e SD 392439660. 1.203 11 61746.58 -34047 1.220

4d0(a 81D)s d 81) 2% 41421.34 0 e . 00 1.075
11 41542.00 120.66 0. 761 40(4 IF)p x 'D* 3% 61491.78 149 51 1.252

214 6184f.27 -9 -077 1.0674d(.'8•5. 5 014 41873686 1. 993 114 61551.04 O -707
Us d 2G 3 42169L 30 01 62957.45 - 0.030

41 4230666 137.32 1- 21 61594.68 1.14

40(.a 1F)5 d IF 2% 42925 34 4d0(a eH)Sp 2 '10 514 61798.85 0.902
3% 42992.18 61 84 1.4085 6 6•980.14 251.89 1.091

4U0' F)&a *4F 11 4d'( 5 "F)5p yf 114 68001.58 W4 0.899
14214 68391. 59 -297.89 1.002

814% 68104.658 6714 1.060
4 44211 16 41 63783. 10 678 47

4d'(.a 'D)Sp I r 0 14 45858.08 2,04 -0.650 2" 314 68011.14 1.186
1 14 418.11 24602 1.072

2 4.14 617. 02 1.305 4d'(a 8H)5p I 40 21 65041.47 --1253 051
-4 7.i 149 L 5 314 60917.94 358 1.00447 . 7 767. 49 12. 81

474 7 960. 21 1.415 OS3. 75 68 1.214
51 685107. 48 1. 272

40(a 1D)4p 4 510 •1470. W 63814. 0912 .1779 4d(a IG)5p V 1H0 3 6.598 5
214 85647 88122#88 148 199.31 10.932% 48M. 57 L 742 66 4414. 1.8 972 44

4W(a 'D)Sp a p* 11 49040. 8 567.92 1305 6 65114.83 4 1.16

2 4M. 74 -127. 70 L 718 4d'(ts IG)Sp s O'F 3% 65876.68 1.105
34 49481.04 1.672 2)4 64394. 64 -8517 5 9 O802

4o,(a &'D)&p sD* 01 4949. 46 24a 3.5 &i 44(a' G)Sp z ,IF 1 605. 9o 2, 0.535
1 5019. 00 38& 1.802 214 64167.84 &525 1.0122 50W77.6 -27&82 L 597 31 64M08. 123 1.2083 50O0S. 54 0 M L U2q 4) 123.e 31 1.25
44 50701.51 LI 4 64516.40 1.258

4.(.a8H).p . ,H" 4 41. 6 145. 49 & 9344d'(a 6D)Sp s 4r 11 451781. 90 4 0.64125 66074.71 1.112
214 51789. Ng 30.412
31 517.80 484 91 L 045
41 2L8481 62580 L.202 4d'(a 'P)5p 8O 11% 4750. 6 1.926

40(a 8F)Sp I O 0  31 64855.2. 84169 1.0404,t(.a ID)Sp s 'D 04 5488-80 44881 0.042 414 65604.91 1.105
S54687..81 1. 0197
2% 8 R 7S 490 724 1.376 4d#(a IF) 5p V' t 31 6•260.953% SW6 9 2 1. 413 2 507177 -11. 82 OL 850

31 5715
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Mo ---C emimmd Mo i--Comaimed

Coa&g. Do. J Level it-emr Obs v Conkg. Da. J Level Inteval Obt.

tdl(e 'G)Sp I 'H 434 55509.55 141, 4x(e D)5 P 0"D 71M6.1 0 125" "7 C.0 70
5 y5M5411.15 1.175 134 780197 .6

M " 404.4"0 63& 01 0.7 7o 4#( ',D)5p w 'DO 21 7*S .. W M 622 own. 1.2 1." e

W#e'OS z'0 2 "6752.5 0 15132 OL 751 Wd(* 'D)bp v *' 2%3 0841 b" 503

3 6608. 5 
)4 

30 13% 
7 M

66591. 46 3U2 1.209 4#*(e ID)bp w sP* 0737854.75 50& 62
134 74060.57

% 8 " 8u8. 54 1. 070
4d'(4 tF)5p u sFr 2 74148. 50 34& 04

440(a ID)5p v 'Do 0 6 1• 05 6 795. 0753 74491.4
6. 2 6 1.5289 4(b F)Sp t IF* 3% 7474956 -670.02

6666798. 1.44& 2% 740*6. 17
334 66716.54 1 3

4d#(* IG)p z I'F* 33 671. 45 --266. 71 1. 30 40P(6 aF)Sp wi 'G* 2 745. 886 015. 51
23% 67M8 13 33 76854.57 70 234½4 76684. 8O 1071 324da(s4D)5p z 'pr 23 67712•.9 1.426 54 77656 3 09

-3 727e74 1. an
13 68441.6 - 60& 1.0
03 69049. 75 1 410 4d@(4 IF)Sp 9 'G* 3%

4% 75685.65 2.140
4#'(a 8O)5p x GO* 33 67760. 50 292. 17 0. 921

4 6805. 47 1. 150 400( 8F)Sp v 4FO 13
23 73810. 6*? 856.41

4d'(a 'D)5p w r 134 67821.60 194.32 % 76667.08 29
2% 68015. 9 1 434 76657. 58
3% 68179. 70 14& 80
434 68355.50 1.250 44 4 (, P)5p w 2D0  13

2% 75819. 80
44P(a I)5P s IK° 63 67888.85 115.&60 0.933

7% 69047. 45 4#(& 'P)5p 1 'D° 031½4
2% 78t00. 67

4d(a ,I)Sp y ale 5½ 6847. 84 43 76 234 76206.57
60 68908.60 3do 765*.00 213.43

4d'(a D)5p it PO 034 68645.50 257.30 1. 768 404(a 0F).5p u 5D I
1%4 6890s.80 .2 8406

4d'(e sD)5p w ar 234 69759.90 271. 65 a.85 4#(b I7)5p u 3G 3 815*.97 1029.93
3% 70101.65 1.075 43 805. 90

4d, (.,G)5p x aH. 4 % 70008.84 s, 73 3 8 = 44. .1 5
5% 70670.57 85874. 15

4d(a 'D)Sp x2'D 234 7071"10 -24.904 d'(6 4a4(4 AG)Sp vl*H 434 8•5688. 531. 62
13 70758.00 09653 84496.50

4d'(a 'G)5p v s(] 43 71011.10 -182.33 42'(%IG)5p ar 33 86566.14
3½ 71193.55 23-

4(a eI)Sp wSH 53 71546.56 -37 66
4% 71920. 5t Mo II(&D) Umit ... 136360

lobiusry 1958.

S 5 0 0 0 0 S 0 0
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son 44 D a 7 e60
41P 416 D 417sI .o a' all

62D bYP 00

40'(o D)ns saID m O O aD Orb AD sa'r s a'D a'r

son a '0* a 4'H a 'P6

1' 6 4pxW 4P* 'D*

64 x' :4D v'" s '0

1. xm 4FD x' i'G*r11
410(4 G)". {10 xa Ir x 3o 8, OR

41P(4to)=i bS so2 r v' 10 xIN

4d'(s ID)u. #D a g wP 4D* w ip

40(4 Max biD IR .r K

4d$(& W)a. bS so po

41p(eIT)=a d' IFD ItOWvr .80

OF v 4r 6'o*

40(b 'P). 2 D@[40(b 0)sw *IF* i '* 211

*For pndreded tern at the Nb i modeleoonlo sequenoe, ow Val. u, Inttmductiam, p. zxvL



(7, z sequnsn; 40 elsko) Z-42

Ground sate 10 0 1930 103. w44V P4di 6%

Wd"D228SWK 1. P. 27.13 volts

7Ue analysi in from Rio% who hes daedkld 37 lines between 2142 A and 2474 A, from,
"o vlusiati made at Madrid for the regumn 2200 A to 3200 A. These have bows supplemented
by spectrograms tame at Princeton covering the range 670 A &an 2200 A.

The ground term baa not bees found. Oombinations from this tean are estimated to hie
between 1250 A and 1330 A. Rico has deelaofed 4 lines between 1274 A and 1288 Asas repre-
sesting tranisitions from 44' *D. which he estimates to be approximately 1500 K above the
ground ous tatwo, 44' 6D4. He and Cataldn have interpolated the limit by comparison of the
third spectra from Y to in.

All of the observed energy levels are relative to this estmated value of 1500 K entered in
brackets ia the table. Further analysi is necessary to establish man accurate values derived
fromn observed combinations from the pround state sero. 7he observed terms have been
found by comparison with similar spectra, in the imodeectronic sequence and with neighboring
third spectra.

Rao also reports 27 classified lines of Mo an involving the quintet terms from the IF
limit in Mo iv. The two papers have only a few term intervals and lines in common, chiefly
in the IF-'0- multiplet.

V. RL Rao% Indian J. Phys. W,258 (1949). (T') (C L)
F.R.L Rio% An. Real Soe Zip. Fy"e Y. Quilanee (Madrid) (A) SO, 185 (1964). (T) (C L)
M. A. Catalim y F. R. Rio, An. Real Boo. Esp. Fides y Qulanlo. (Madrid) (A] 83,1(1957). (1 P)

momi M men

CoalS. Ded&g J Level interval CoUJI& Dais. J Level interval

40' 416 6D 0 40(4P)SP Sp&'D 0 75068. 0?+ I: 2
1 1 75M9. 5+: 364.8

2 2 76464.0O+: 1433.4
3 3 77M9. 4+x u22&a
4 (18601 4 79124.0+a

4DP(4P)Ie 5F7 1 32045 7+x 42. 4#('P)3p F 1 7781. 1 +: ma&
2 32470L.2+x K 2 776894.4+: 145L 2
a 330713+: 773 7915.6d+*
4 83835L2+x " 4 79759. 7+x 697.1
5 3475& 3+x a0. 79970.9R+: 247.5

a 74851.7+ 1091. 9
4 7&44& S+: Morv(4Pam) Limit -- 219900

21670.+ 157&.6 78916. 4+:

February 1957.
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M S

(Yz I quence; 39 elseUUM) Z~=42S

Ground stat W. 20' 29 30 31P 3d*40 410 494' Tat

40' Tm 3410 K 1. P. 46.4 volts

Uma. ham eaisified some 40 libe. between 856.00 A and 2140.96 A. He has derived
the limit by * aser ezkapoe e of isoelectrooi sequence da. This value in mund figures
is eatered in broakets in the table.

RJF NCR

A. Y. Eimon. Pby. Rev. a,745 (19=8). (I P) () (C L)

Mmlv Moiv

Caowl& Dul$. j Lyal Interval Coalg. DeaIs. J Level Interval

440 14 0 me 4&J)b Sp 4F* 11 1 1164.O

3 175& 0 1009.6 l$ 1 7 1R . 441 2U&. 6 00 4% 11 94". 7 8T

44P(SF)S@ Be7 11 -- 4 ft 7 40('F)Sp Sp*'D" 0% 115790.4 7992 od" 1% 11"684. 3 Ila 0
1061.2 10% 117. 33 20 8 133F7. 3 474. 2

4 640416 1 3½ 118076. 5
44d($F)5p 3p 6G 21 10P411 0 19A& 7 ------------------.-......... ..................-

3I 13. 0 210.7
S11 Mo v(SFj) Liant (8-- 4191

Amri 1951.

,,0 0:0 0,. ....... 0
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Or I asequam ; 38 els~ech) Z-42

Gound state Is$ 2.' 29O3.'jP dw 4.0 49 4.0 T9'

UP Ts4SS8UK I. P. 61.2 volas

he saalyss in by TrawiekI, who has cbseed 60 Same bewesm 410.38 A wmd 21M6.30 A.
He has exttapolotsd the bouit om a Moseley duope. of kooe~ctrmis sequnsw daft. 7%n
vahie at the limit, roimdsd at, ins aterd in bracekts in the table.

TMe siglet end tuipt tmre aft connected by observed intasystem combinAtions.

a-3ZZNC3

K1. W. Tuwavk, Mays. Rev. 4% U 3(1IOU). (I 1) M1 (C 14

Nis Me v

CoMU. Dsg.~ j -'1 ltt Co"& ._Dati. .1 Level Interal

#408F 2 0 lass ad(ID)bp 5p spa 0 1570600
3 1imit1 123i14 1774 21 157855 23

4044P P 0 111665 4 4d(&D)5d U Id D 2 21220"
1 11312 1601 44(SD)U Sd ID a 213W42 13413 -32 214671 -1

4deAD)ao Be ID 2 83971 1 214786

4d(ID)go So ID 1 ow 93381d p 167
2 96113 1724D)d a a 1573 9483 174 d(D)4f 4f $F 2 Sol79 310

3 am88
Ud(D)Sp Sp Ir 3 141150 4 541115

4d(*D)5, 5p ape 1 14?10J 4d(OD)bd 5d IF' 2 236714 2357
3 239071 m

4deID)5p 5p *DO 1 148000 2M 4 242104
2 151919 82
3 19804 4d(BD)4f 4f IGO 3 04306 1176

4d(BD)Sp Sp $F- 2 15SO4 m5 8
3 1511N
4 Isom* 3W -------

4d('D)gp 5p 'Do 2 151760 Ma vii('Dug Unsit---------149635J

April 1961.

34ev Onssavio Ta...'

310 Obmrved Tenm

40 40S IP 0 I

as (025) uSp s"5)(112!5) q %4

311D 6p'1- 1 *pD* 4 TO UID "T' 4fI'1 4f&0'
Be ID 5p 'P Sp9D- 5p' IF dUIP 5dID

07er peditdW tor in the opsetna df the Or s b whemictn asqimes, wo Vol. n Introduadwa, pep m.
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M9 V

(Bb z sequmen; 37 electrens) Z-42

oG.unl state 10' 2a' 29P 3p' 3 3d' 40 41)' 4d $DIN,

44d T 5imSUMK I. P. 68volts

Siteen lines have been clasified as eombinations among seven terms. lie observations
extend from 296 A to 1596 A. Trawick has published aix terms and extrapolated a limit
from isoelectronic sequence data. From recent series data in Zr xv combined with the series
of Mo vi, Kimw has derived an improved value of the limit, which is quoted here.

Charles has recently roobserved the spectrum between 290 A and 790 A and confirmed
three of the four terms from Trawick'm list, covered by this range. The one exception is
4/f'1, which he revises. Trawick lists this term as follows:

Da~g. .1 level interval

4fa IP § 7481 f

Charles also resolves the members of his 4d 2D-4f F 0 group, and adds tentative values of the
6pP T term.

The measurements common to the two lists are in satisfactory agreement. In the table
the term values from Charles' paper are quoted, but the two terms 5# 28 and 5d ID are from
Trawick's paper. 

RFRNE

PL W. Trawick, Phys. Rev. 4C 63 (1934). (1 P) M (C L)
G. W. Chuubu., FhYu. Rev. 77, 120 (195). MT (C L)
C. C. Kitess, unpublished material (October 1955). (1 P)

Mo V1 Me VI

Config. Desig. j Level Interval Config. Desig. j Level interval

4pO('B)4d 4d 2D 1% 0 24 4pQS)5d 5d ID 1% 282837 7W
2% 2578 2682% 283624

4p§8)5s 58 'S 0% 119739 4 p'('8)6# 66'S 034 313810

4p$("55p 5p'P* 0% 181404 4925 4p'('g)Op 6P spa 0%? 86881 10
1%4 187899 1%? 887780

410(18)q/ 4f $F 2%4 167045 0 --- ------ L mt ---- 14 MMo VuaQ80) Lmt-----(460

October 196&
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U.oviI

(Kr z sequence; 36 elections) Z-42

Ground state 1.' 2.1 21 3.' 3 P 3d0 40' 4' S1

4P %S,•142U K I. P. 126 volta

The analysis is far from complete. Charles has classified 6 inem between 136 A and 286 A
as due to transitions from the ground term to levels produced by 4d, 5d, 58, and 6.-electrons.
The level-values in the table are the rounded-off wave numbers of the observed lines. He has
estimated the limit quoted above by applying a Rydberg formula to the ns*3 levels (%=5, 6).
The higher limit in the table has been determined by the writer by adding the intcrv.a o! the
ground term of Mo vm to the lower limit.

As for Kr i the writer has introduced the JL-coupling notation in the general form suggested
by Racah. Charles has noted that the 4d and 5d assignments are open to some question.
Consequently the pair-coupling notation for these levels may need revision.

REFERENCES
0. Ransh, Phys. Rev. S1, U8 (L) (1942).
G. W. Char'., Phys. Rev. 77, 120 (1950). (I P) (T) (C L)

MO VII Mo viU

Author Confhg. Desig. J Level Author Config. Desig. j Level

4p,$p, 41' 4pf IS 0 0 4pI(,PIM%)6s is i[½ 2
68 43 1 709450

4p'('Ptm)4d 4d t1 " 2 4p'(,PW,6 6.' (0%10 0 0
4d a 1 $49290 $1 1 731660

4p'(2PT%)5& 58 (1341* 2
58. 3 1 481590 Mo vzu(3Pl%) Limit ------- 1020440

4p'('PW•5. 5.' [0)1 0 Mo vII(SPiW Limil -------- 1043740

58 at 1 509950

4p'(IPi%)Ud 5d1 (1)10
5.d 14? 1 688P80

February 1951.

Me viii

(Br i sequence; 35 electrons) Z=42

Ground state 10 20 2p' 3t 3p dWO 44' 4p$ 2P0%

4p9 tpo 121MM K I. P. 153 volts

The analysis is incomplete. Charles has classified 42 lines between 168 A and 474 A as
due to transitions from the ground term to 14 higher terms.

He has extrapolated the value of the limit from isoelectronic sequence data.

REFERENCE

0. W. Charles, Phys. Rev. 77, 120 (1950). (I P) (T) (C L)

0 " 0 0 S 0 0
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Mevmu Msvm.•

Conf. Deig. J Level Interval Config. Deig. J Level Interval

4@0 4pI 4p''$P` l 0 -37 441 410(P)44 4d IF 3~
55.7

484ps 4p" I8 03 238830 4' 4p'('D)4d 42 4247220 -s
444240 061

40 410('P)44 4d 'D 33
23 301587 4. ,p'(,D)4d 4' 1SP 445430

3 310419 -010' $1%"5 -9037

40 4p'(QS)44 WID 2%? 447888 -6419

1'~ 371345 U:. 131? 454307
231 377888 65 s4'p(OP)5# 5s 'P 231

11? 4925 -10787
4s8 4pg($P)44 4d4'F 431 031 403309

331
24 367847 -14 4a'4p(8P)Bs 58 'P 131 527428 -52

1 36967146031 543352 - b2

4.s 4p4'(P)4d 4d ID 21 376122 107 40 4p'('D)So 5. ID 231 865650
21 391179 31 548915 -12366

40 4p'(%P)4d 4d 'P 0½ 4s' 4p&(S)5# 5O"' 031 59506
13? 381102

Mo iZ("PS) Limit1--------(1331fI

February 1951.

Mo Vill OBuSuVuD TaRmsa

Configuration Obeerved Terms1I120 2pI 30 3pI 3•Pw+

40s 4ps 4p6,po

4 . 4ps 4pI '8

so (a>5) ,d (Q,>4)

58'P 4d 4'P 4d 4'D 4d'F
4@1 4p'(IP)nz 58 SP 4d 'P 4d 2D 4d IF

40 4p'('D)nz' 5#' ID 4d' IP 4d' 3D

4' 4p'•(S)nz" 5."'S 4d" ID

*For predicted terms in the spectra of the Bri isoeleetronlc sequenee, wee Vol. it, Introduction,

page xxi.

Me xvI

(Co i sequence; 27 electrons) Z=42

Ground state I0 2Wt p$ 30 3p' Us $D.4

3dUsIDn K I. P. volts

This spectrum has not been analyzed, but Edl6n has observed three lines due to the transi-
tion 3e 3' 'D-3p' 3d 5 pO. In figure 4 of his paper on the spectra of highly-ionized atoms,
the observed wave numbers are plotted against atomic number for this combination in the
Co I-like spectra Rb xi to Mo xvi. For Mo xvi the wave numbers arc between 1300000
and 1500000 K.

REFERENCE
B. EdMn, Phylca 13, No. 9, 548 (1947).

February 1950.

S S S 5 0 0 0 S 0
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TECHNETIUM

Te i

43 electrons Z-43

Ground state 1*2 2. 2p 3*3 3p 3d 403 4P 4d' 513

a %S 5370W K I. P. 7.28 volts

A description of the spectrum was published by Meggers and Scribner in 1950. The next
year Meggere reported the first regularities: 20 terms, 200 classified lines, and an approximate
ionization potential.

The spectrum has since been reobserved by Bozman, Corliss, and Meggers. The present
ine list covers the range 2057.70 A to 8917.74 A. The analysis has been extended by Bozman
especially for inclusion here. His work is still in progress; the tabular data represent only the
results available when the present Volume was concluded for press. The observed g-values
are, also, from Zeeman spectrogrars taken at the National Bureau of Standards.

There are approximately 900 clasied lines. Observed intersystem combinations connect 0
the systems of terms of different multiplicity.

Bozman has revised the earlier value of the limit. The present limit is from the
4d6 (a 5D)wa 1'D series (4=5,6). It has been derived by a Rydberg formula, with a Ritz cor-
rection a=-2.OX1O-, described in the 1951 paper. It agrees well with the value interpolated
by Cataln from neighboring spectra, 58297 K.

REFERENCES

W. F. Meggers and B. F. Scribner, J. Research Nat. Bur. Std. 46, 476, RP 2161 (1950).
W. F. Meggers, J. Research Nat. Bur. Std. 47, 7, RP 2221 (1951). (I P) (T) (C L)
M. A. Catalin y F. R. Rico, An. Real Soc. Eap. Flaica y Quimica (Madrid) [Al 46, 328 (1952). (I P)
K. 0. Kessler and R. E. Trees, Phys. Rev. (2) 32, 303 (1953). (hfs)
H. E. Walchii, A Tab/ of Nuclear .omena Data, Oak Ridge Nat. Lab., ORNL-1469, Suppl. II, 29 (1965).

(Summary hfs)
W. R. Bosman, unpublished material (June 1057). (I P) (T) (C L) (Z E)

S •0 0 S 0 * 0



8T e I 
T e I

Coals. Desi. J Level Interval Oba. g Coafl. Deftg J Level Interval Obl. g

4a' o s 2%t . 00 1.90 4d'(' OD)5p 8 p 3 31414.407 7.31 1.72
2• 81406.76 97. 20 1.80

4d#( 'D)5a eOD 2p7189 678.02 1.60 M) 31508.96 2. 261.59
" " 300.15 -30103 1.65 4dP(. ID)5p s 4P" 2 819#7. 01 _331. 06 1.59

m 41772 --176.14 1.86 1 85&07 1-14&.00 1.4041M4 728 10&3& 32 854 $2408. 07 165

4d0( GD)5 a 4D 31 10516. 34 1.44 4d$(a D)5p s 'De 34 38560. 87 465. 33 L 39
11063. 08 -1 51 L 37 2 338085. 70 --257 47 1.39

S 1158. 9 -31.137 L 21 14 888438.17 13730 1.20
O.e - 1 0L02 0) 83480.47 . 0.02

4d$P)5e a'p 2) 1325.73 917 02 L.62 4di 5#a 68)5p yP 2% 84515.90 426.76 1 61
1) 14169.75 - 1 L 70 1) 84940.66 33& 79 L 74
O0) 14679.92 -510L 17 2.63 0) 385M76.• 266

4d#(%F)Sa a'F 4) 14733 14 _M 1.31 4U 5a(a 18)6s t'o 3) 3761140 202
3% 15298 47 -_32. 33 1.20
2 15624.26 :12.16 1 .02 4,d 5#(a 68)5p s ,po 3 8S540.77 24.02 1 66
14 15770.42 6.42 2 88516.75 102.85 1.891)4 88819. 60 1.35

4d$($G)5 a '0 5) 16026. 16 L 23
5- 108, 83 L 17 4s•a1)• 8 2; 3,9.8 .O

4)4, 16133.O99 -5.8
43)4 1613 59--S&81 Us k5(a 18)6# 068 2)4 39596.5 2.00334 16297. 80 12 0. 95

2)4 16415 64 - .58 4W(a 61)6o oOD 4)4 4285522 5M5 1.56
3) 43391.75 404.96 1.57

4dUs5(a 'S)Sp s ap 2) 16458.71 446.80 130 2) 43796. 71 -2321 165
3) 16874.61 6A 4 L 94 1) 44028. 92 - 120. 59 1.87
4) 1755895 1.80 0) 44149.51 3.30

4Us 5(a ?S)Sp s gpP 3 5N8M5. 8 -89 88 1.70 4d'(a &D)6s s'iD 3% 44101. 00 _ 702, 36
2 5 384. 91 133. 19 1 90 2) 44804.36 463. 48
1 R88.4 0 142 1) 45267.84 -

0) 45497. 76 229.92
4d#(a GD)Sp x 'D" 4) 57V89. 78 _290. 31 1.53

3)4 5760. 09 -_28. 63 1.57 4ds 5s(a'8)5d sOD 1is 44333.23 4.30
2 57940.75 210.50 1.64 2) 44337.53 39 2.08
1) 1151. 28 .- 41 1.85 3) 44343. 92 & 1.84
0)4 1s85. 69 3. 30 4) 44352 66 12.67 1.675)4 44365.33 1. 66

4#(aD)5p . , 4 5 80067.59 _ .96 1.505

4 3018. a1.41 4# 5(a'S)Sd f 6D 4) 44919.07 6646 1.54
3) 80586.6 -- 146. 1.38 3 498.53 4 1.58
12) 80558. 8 -101.78 1.29 2 45071.02 -3760 1.66

1) 080.6 -5849 L. 10N 45108.62 -830 1.87
0) 80689. 15 --0. 62 0) 45189.70 -81.08 . 32

4d$(a 'D)Sp s'rF 4) 81114. 09 -490.90 1. 37
3 81604.99 -409.80 1.32 Te n(Sm) Limit ... 58700
2 38014. 79 238 86 1. 14
1) •M 865 . 85

June 1957.

•0 0 • • 0 0 S 0 0



Ten

(Mo x sequence; 42 electrons) Z-43

Ground state 1 W' 210 30 3pO 3d* 4. 4pP 4d5 • 5SS ,)

a %S5 121 K I. P. 15.26 volts

Meggers and Scribner first observed this spectrum in 1950, and Meggers reported the
first regularities in 1951. He clasified the 0 leading lines arising from the low IS and 6S
terms, and stressed the uimilarity between the spectra of Mn n and Tc i. In 1952, he and
Cataldn identified the important low AD term from the 3d' configuration, with its leading
component 3461 K above the ground term a IS.

A new description of the spectrum has since been made by Boaman, Corliss, and Meggers,
which covers the range 2054.468 A to 6673.263 A. From these observations the writer has
carried the analysis somewhat further with the aid of Bureau Zeeman data from Bozman.
Unfortunately, the new terms are not connected with the earlier ones because observations are
lacking in the region short of 2054 A. The writer has arbitrarily adopted 24000 K for a 6%,,
with the correction, z, to be determined later when the line list has been extended. Trees has
predicted the theoretical position of this 'G term at 22500k-1000 K.

There are about 50 classified lines, but the analysis is seriously incomplete. Intersystem
combinations connect the terms in the table that need no correction, z.

No series are known, but Catalin and Rico have interpolated the limit quoted here, by
comparison with neighboring second spectra in the second long period.

REFERENCES
W. F. Megger. and B. F. Seribner, J. Research Nat. Bur. Std. 41, 476, RP 2161 (1950).
W. F. Megaers, J. Researeh Nat. Bur. Std. 47, 7, RP 2221 (1951). (T) (C L) 0
W. F. Meggers and M. A. Catan, unpublished material (1952). (T) (C L)
M. A. Cataln y F. R. Rico, An. Real. Boo. E•p. Thics. y Quimlea (Madrid) IA] 4k 334 (1952) and letter

(Desmuber 196). (I F)
R. E. Trees, unpublished material (1956). (T)
W. R. Bosman, unpublished material (1956). (Z E)
C. E. Moore, unpublished material (June 1957). (T) (C L)

Ten T¢ 1

Conft Desig J Level Interval Obs.g Config. Desig. J Level Interval Obs. #

4cP('8)5# as 0. 00 102 4d6(,G)5p it SG 2 5904.69+- 193.O 42
3 592-7.75+ 18C 0. 904d# a 8D 4 3461.27 1.47 4 59412. 20+: 1. 162 4641.2 7 -755.90 1.50 5 59681.18+ 176. 47 1.26

3 27 7 --4si 05 1.620 977.6+4 1.7
2 4669.22 -291.92 1.52 6 69757. 65+z
1 4961. 14 1.56
0 5100.98 -139.84 0/0 4d'(4G)5p 2 $11 3 6085.364+z 59.14 9L 544 6064/ 78+x OL 97

4d(#S)S as 2 12617.20 104 5 61243. 5r+ 04&747 06 61716.05+z 224.61 .24
4dg($G)5s O'G 2 23838. 39+z . 37 7 61940.66+z 1.31

3 23917.17+ 71.48 0. 89
4 23978. 65+2 61.48 1. 15 4d&('G)5p t 'F* 1 60707. 68+z 321. 56 0. 04
5 24024. 88+z 4623 1.30 2 61029. 24+ 31& 44
6 24000. 00+X 24.88 1.32 3 61847. 68+z 71.47 1. 15

4 61419. 15+x 383. 93 1. 34"4(0)Pp 2 Tp* 2 87767.21 2.36 5 61803. 08+: . 1.41
3 8380. 80 535.59 1.88
4 809 08. 88 1005. 58 1.78 -----------------... ...................

4d$(G)p 8 SPO 3 48500.96 240.37 1.65 Tc ix('Sm) Limit ----- 1231902 43741. 33 24163. 7 1. 86
1 43741.8 -0163.67 1501 48905. 00

June 1957.

• 0 0 0 0 0 0 0 0



RUTHENIUM )

~electrons Z-44

Ground state Wi 2.' 29PW3.83 Us 40 4p 4d, 58 F

* & M1084i K 1. P. 7.364 volts

The first significant regularities in the Ru i spectrum were reported in 1925 by Meggers
and Laport. and by Sommer. In 1920 relative term values confirmed by observed g-values
were published by these authors. Harrison and McNally derived improved g-values from
Zeemnan observations made at the Massachusetts Institute of Technology, and extended the
analysis in 1940. Latr, McNally carried this work further. His unpublished 1941 manu-

scipt includes Si even and 188 odd levels, and baa been made available to the National Bureau
of Standards for further study of Ru i

Kessler and Meggers reobeerved the spectrum, and in 1955 published a complete new
description whinch Kessler has used to extend the analysis. His manuscript has been furnished
in advance of publication, and used for the data in the table. He has adjusted all level values
to fit the 1955 observations. Most of the observed g-values in the table are from the 1940
and 1941 work of Harrison and McNally. A few additional ones are from Zeeman spectro-
grams taken in 1949 by Meggers with the Bitter magnet at the Massachusetts Institute of
Technology, and measured by Keesler.

At present 100 even and 205 odd levels are known, and there are approximately 3250
classified lines between 2013.95 A and 11483.91 A. Many observed intersystem combinations
connect the systems of terms of different multiplicity.

The more dubious configuration assignments are indicated by a colon in the Anrt colum
of the table. Members of fragmentary terms have a designation entered in parentheses in
column two, along with a number labeling the level as miscellaneous. Externive theoretical
study of Ru ibyTrees confirms in detail the observed values of the low even terms, and has
been an invaluable guide in making a number of the configuration assignments for additional
terms.

The limit quoted above has been derived by Kessler from the two-member seies
4d'(. VF)%# 8F, (*-5,6), by meanssof a Rydberg formula, correced by the factor am -2.43X 10'
suggeste by Castaln and Rico. They have obtained this Rita correction from a study of the

seie in the Anrt spectra from Rb z through Ag s. The observed limit thus corrected agrees
excellently with the interpolated value 59417 obtained by Cataldn and Rico.
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IOal& 1W. j Level Interval Ob,. g Coaft Dedg. J Level Interval O4 #''

4d'( 'M)& * 'F 5 0.00 11f64 1.307 4dw('O) bp 'D" 4 MIl1. 85 110376 L4
4 1190.6 4 L 3409 3 76. -50 .0s 201. 54 1.249 2 18460 5.6 -99 .10 142
2 2713 24 -- 2l.70 L01 ll -580O 1.334
1 310. 49 --3925 oo0 1 5 490 -43L 41 Q0 OsO 0 s o.0 / 00/0

4d'(a F)5o4 8084.654&"03 - 12 9 09 1.284 4d'(*'F)5p a IF" a 6816*5 - 1.364S 918& 66 -- 0 t 54 L 069 4 28 901. 79 -- 876 8 L 364

4d 5 S047890 2 19427.51 53&.85 1.2934d# a a 'D 4 74833507 L 447 1 19695.57 -266.25 L 1643 857.642 482.22 1.430 0. 587

2 9057.64 14U 1.232 4dW(a IF)6: d 'F 4 27289. 24I 9071. 98 -41093 1.795 3 2751. 57 -227.33
0 949137 0/0 2

4d'(a 'P)Ss a 'P 3 8770. 93 727 . 624 4'(a F)5p • "G" 5 28495. 10 -1395. 81 .2302 043 69 - 157. 60 1. 536 4 29890.91 _
1 962 29 1.985 3 31852.90 1961.99 868

4#16 b IF 4 9120.63 1533.99 1.285 4d'(a 'F)Sp G'0* 6 f8571.89 -. 3793 1065462 0.74 1554.3 -06.1912611447.61 -67916 1.086 5 30279.68 81707379 1.2632O1473 . 7"4 4 31345• 79 -- 10& It1 1. 1 11

3 50537.06 808.73 0.9444d?(a4 P)5a a p 2 1062 1 53 -1161L52 1.534 2 50858. 80 -421.74 0.376
1 1178& 05 1.684

1175162 0/0 4d& 5#(a OD)5p s ?1 6 29160.46 30758 1.4625 ,29468. 04 - 126. 52 I 74d7(a G)Ss a '0 5 12207.05 -60964 1.190 4 25948.8 _ -20.2 1.4370
4 1281. 69 -882. 38 1. 033 3 29891.90 - 2(k 743 13699.07 0.757 2 80018.5' -12.44 1.497

1 3008•5. 8 -67. 04
4d?(a 'P)S# bSP 2 13645.75 -335.92 1.315 0 30115.-25 -29.87 0/0

1 13981.67 -_845. 83 1.441
0 14827.50 0/0 4VP5o b OD I

2 29352.414d 7(a 2G)5# a '0 4 14700. 32 0. 902 3 29979. 00 62& 59

4d 7(a2D)5 a 3D 3 16190.61 1136.54 1•333 4ds5s(a' D)Sp s IP 4 250•5040 14.24 1.656
2 15054.07 _I15& 51 1. 162 3 3138.;. f" - 113 1.893
1 1671158 0.676 2 33J4J. 30 2 059

4iV(0 2H1Ss a 'H 6 15550. 16 -89. 97 1. 164 4d 7(a 'F)5p a sF* 4 30348.45 204350 1.276
5 16240.13 - 1.041 3 32391. 95 L 1334 17096.87 0. 834 2 3317f. 02 -780.07 1.026

4d7(a2D)5S a ID 2 17045&97 1.175 4p(ao4 F)Sp s SD* 3 31044.35 1.2042 5207.6•5 -1163. 30 1.0324d7(a' H)5, a IH 5 20055. 71 1.007 1 55580.20 -137157 0.322

4d'(a'P)5# a 'p 1 2024101 0.9 27 4d'(a4P)5p & W 2 31186.03 1034

41 2 6p 2 2093 -78 1.343 4dU 5(a D)Sp D* 4 53446.84 1.492
21768? -1881. 1.35 3 3430.65 12 23178.66 -6:2W01 1. 477

1 34091. 06 1.36240 224d' c 'p 4 21643.09 1.08 0 •4379.84 28.5 18 00
3 22419.46 76.32 7 070

0.697 4d6 5(a 'D)Sp x 51P 2 354072.41 -09 _1.6462 34881. 92 -8951 1• 808
4d5 W b 'H 6 22162106 1.8063 2.3885

5 2251M 88 0-35 .92 1 46.73854~~~ 20.7 -48& 89 a.99
4 23004.77 0. 91? 4d6 5o(a 'D)bp y IF* 5 547755 -96 1. 402

4 35471. 15 -698 60 1. 3644d1 b tG 4 23M1 60 O. 950 3 35806. 62 -- 3. 47 .276
2 5963.87 -157.25 1.069"d9 b ID 2 2345&47 1.12 1 386238.77 274. 0 0.

4d0 5 d BP? 2 24927.48 4d (I4P)Sp z &D" 4 56542.62 1.481
1 2756. 69 -263& It 3 37567. 02 -824. 40 1.379
0 2 3767. 86 300 1.442

1 38200.40 -532.54 1.5694d5 (We D)ap 7D* 5 15914. 16 1.592 0 57"82. f 39& 17 04_-25a 33 0/0
4 55464. •e -571.07 L 625
S16035. 56 1.737. 4262 "4•7M. 74 -437. 18 7 3 6760 -4 -204.94

1 26780. 46 -307. 72 1. 19 2 38965. M*8 1-.173
1 37619. 52 -654.24 0•.75

4dU 5 6 ', 5 2560M60 40(a d P)5p * sP0  2 37118.90 1.4694 2564269 -40 09 3736.74 227.94 1.311
3 26075. 70 -433. 01 0 37,72. 88 -12. 14 030S37•7• 880/0

0 0 0 S 0 *
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Comif. Deal. JI Level Intai0v.l Obu Conmic. Dmig. J Level Interval Ob. V

4d(420)3p y OF, 4 38814. W -1190.2 !. 107 4dW(.'H)5p & H 6 8 48548.67 - 1. 162
3 8946.I70 _9 0. 98 5 44100.41 - 0. 1.033
2 4048&.19 0. 8o 4 4468-01 oa 0 5

4d(s IG)Sp a OW 6 897. 50 60041 1.174 44'(s H)Sp I IH° 5 4536.68 1.03
5 897, 00 !9719 1.048
4 98. 19 0. 895 w 8Go 5 4374.581 -120. 10 1.272

4 4386. 01
40(s #P)6p s as* 1 88557.14 1.566 3

4d'(.'P)bp y Top 3 3708. S6 1.631 4dn(a'P)5p I tD 2 4380.41 1.0262 ,59008.0 301I2712 9736 -764. 87 S 1315 20(sG°) 6 43998.60 1.219

W4a(G)Sp s 'G° 4 8987. 18 1. 115 4d'(a'D)Sp X 3po 2 44234.68 1. 422
1

4d'(s G)Sp if 'GO 5 89450.66 82, 95 1.142 0
4 40#76. 61 41.22 1.038
3 401S8. 9 0. 890 4Us Ss(a 4D)5p w 'DO 4 4448 4349 827 91 1. 473

sa3 45071.40 -71i 01 1.4494d0(a P)5p If 2P 89741.08 174. 51 1.299 2 4.5790.41 -710. 99 1.484
1 5916. 54 22.404 1.606 1 46191.40 27t 95 1.439
0 89894.50 0/0 0 46466.53 -

IO(sF`) 4 40439.15 1. 196 30 (P*) 1 44301. 14 1. 350

4d(e $G)5p s I'H 5 40816. 1 L 020 4P sFi(a 4D)Sp x 'F* 5 44811.81 -285. 0 1.308

4d (.'P)Sp x 3D* 3 40768. 15 1. 159 4 44607.81 -791.2
2 41007. 26 21239. 11 3 44800.81 8 91.321 106.65 99(L 61 1. 007 2 4659e. 33 -- 1.5

1 41016.6 895 1

4d'(.'G)Sp s IF* 3 40048.65 1.137 40 3 444415•9 0. 76

4d1(a D)Sp x IF* 2 41181.94 77. 10 0.887 5°(&G°) 2 44891.40 0.383
3 41260.04 1i06. 86 1. 235
4 43846.90 1.247 4dU 5(b 'P)Sp f '8I 2 45197.87 2.224

40'(a'F)6s * 'F 5 41256&40 --178217 4d2(.'F)Sp: z IF* 3 45101.98 1.059
4 4301M 57

4417& 23 284 14 4d'(a 'H)Sp y 'GO 4 4564. 72 0. 9622 43891.09 28.4

1 44343. 91 -451.82 60 3 45475.77 1.547
4d?(aSD)5p w 'D* 3 41481.66 - 1051.15 1.286 4d'(a F)5p: z 'G* 4 45528.61 1.08

2 40589. 81 -360 61 1. 025
1 48894.41 - 0.810 70 3 46549.61

4d'(a 'H)5p ' 31* 7 4160. 58 682. 78 1. 146 4dW(a 'F)6p: w 'F* 4 45755. 55 1191.03
6 41577.75 _400. 53 1.013 3 46946. 58 1. 1.022
5 4978. 08 - 1 861 2 47147.98 -301.40 0.702

4d'(a 1H)Sp z $C' 5 41789.30 L 197 9 $DO 3
4 42909.18 - 61199.782 2 4.591836 -. 5 3 09
3 437. 79 - 1031 67 O 934 1 46499.70 0.72

4d'(a'D)Sp s ID* 2 41756.15 1. 182 8g 1 45978. 14 0.44

4dW(a'F)6s c 'F 4 41825. 23 29
3 43115 47 -120. 24 1 46056. 3 1.115
2 44970. 0 100 4 46067..4

r ID* 3 41830.85 101a138 1. 163 110 0 46102. 95 01102 44897.153 -

1 120 4 46178. 10

4d'(a*H)5p sSP 6 42404. 14? 130 4 46400. 58

4d'(a'P)5p TPo 1 41415.81 0. 965

4gP(&'P)5p a ISO 0 4JO10. 80 0/0 4d' Ss(b 2H)Sp: x 'H0  5 464,95. 05 1. 030

A 4 42895 39 4d?(a 2D)5p: y 'po 1 465e8.26 1.05

4d'(a 'D)5p I To 3 41998.51 0. 995 140 4 46695. 02

4d'(a IP)5p W 8' 1 43107. 5 1. 533 4d' 5s(b P) 5p x po 3 46746.85 -57.2
2 46808.60 _696. 94

uI DO 3 1 47500.54
2 4860. 17 3 1.158
1 48841.58 -3136 O. 800 150 1 46789.tS

0 0 0 0 0) 0 0 0 0



Ru i--Ce.U d Iru i--Ce nUemd 23

Oad. Dal& J L" IntWval Ob tg Cona. Delg. . LevOl Intevsal ObLm#

40(,'s')8d: f '1 5 4690132 -1687.56 390 4 48,97.45 L 2JS
4 48541 s0
3 4 8 -48M40 390 1 45604-84 1206
1 400 3 45765. 88

*f(a ')&d: #D 4 44014 -215.90 41.36 410 2 45779.16
3 4716 32 _21 90
2 4872187 4I4a55569n
1 49611 3? -- 79146? 42* 4 4U63. 60 1. 23

0 430 3 4585.5

40'(4 ,)Sd: I0 6 460L 1.5 440 2 480$7.8i
5 48UL 77
4 435 1 49047. 61
3 495M173
2 46 3 49141. 4t

1V 3 4704. 54 L 068 47* 4 4816. 05

4d0(e4q)Gd: 6 '0 5 47084. 80 L 19 4d'(a 'P)d # 6p 3 49291. 06
4 4877. 68 1641.2 5017154 8178
S 4967. 97 194& 2D 1

170 4 47167.08 1.24 480 3 4950. 8.T

18"(&D0) 0 47176. 90 490 1 49408. 97

190 4 4716.150 1.12 N0O 2 49417.50

4dP(.4 F)6p: s 'D* 3 47555.55 -uao0 L 377 510 4? 49447.55
2 47547.35 1 L 057
1 4d6 .(S D)5d * '6 2 4948 56

20"('DO) 2 47S40.10 1.55 C (M) 5 49592,90

210 5 47456. 17 4di U(a'D)5d: f ID 5
4 49624.26

B (F) 4 47486.96 3
2 5105 64 -1671.16

220 3 475". 09 1.134 1 52729.980

2r 3 47685.5 1. 06 620 4 49755. 18
240 5 47645 87 530 1 49761. 61

260 3 47788. 7 540 3? 49918. 88?

260 1 47505.11 ' GO 3
270 4 47817.84 4 49949.5 171 16 116

290 3 47885.85 1.309 50 2 49970.65

290 3 45009.0 560 2 500t7.96

300 4 48100.58 570 1 50195.07

31" 4 48143.98 580 1 5058. 99

a3 2 48164.79 4dUs 5(a-.D)6a f 6D 4 50350.52 -101A
3 51364.82 _-01.

390 2 45596. 75 I.S 062 52001.35 -636
14d eg(a 'D)6 s MD 5 483833 L 602 0

4 40235. 15 1. 649
3 0016. 70 -78L. 590 3 50851.95
2 8063 81 -52. 111
1 061& e8 -79.00 60° 1 50772.05

34O 3 48405.05 L 14 610 4 61560.51 L 094

4W(s47)5d: # $D 3 48489.66 1.D 3 524523
2 49757.88 1268. D28
1 620 4 55717.65

3V 3 454M. 01 E 4 5040 38
W O 5 4505 80 5.......................................

S3870 3? 48570. N _ Run(4F'¥) MmU 59410
Febrmy 1967.

S 0 0 0 0 S 0 0
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Toisequesce; 43 eleerons) Z-44S

Ground at&t 12 2 9 30 W 3P 4.04•9 4•6.

0 Ted 1813 K I. P. 16.76 volts

The anslysis is mooy by Shstome, who placed Ru a on his program especially in order
to provide the data for inclusmmo here, msnce the &r regularitis• reported by Megen and him-
self in 100 had not been extended. A complete description of the spectrum, together with
meesumenent for Zeerasa patterns from the Meuaohusette Institute of Technology spectro-
gpms, was furnished him by Moggers. The Bureau observations extend from 2005.69 A to
662.68 A. These wer supplemented by Princeton observations in the short-wave region
etending to 1055 A.

The we sbout 1400 closifled lines, including nearly all of the stronger lines. Observed
intersystem combinations connect the terms of difforent multiplicity. It is noteworthy that
all term from the 4o' configuration have been found.

Tho limit is from Cstaldn and Riw who have derived is by a comparion of second spectra
from Sr to Cd.

IFZVRJNCUB

K. 0. KousIr od W. F. Mesa. J. emearok Nast. hr. le.L, W,97, P 26009 (1O9).
W. F. Meinim, uqmbII masterl (May 190). (S E).
W. A. CatadU y F. R.. Mae. ltter (Dieomber 1NG). ( 1P)
A. 0. Bbsmteso, unpubdIbed mAuW (Osotebr 1957). (1 P) (M) (C L) (Z E).

Ran Run

caft Dusdt - Lewd Interval Ob. g Conig. De& J Lewvd Intrval Obs. V
' '47 i.0"0 -1 4_ s40(O)e b' P 2 • L26911.4 _- 179. 6 L 572

1 152A.4 134 20091.0L 3
249C.2 0R& a3804.3 1 3 41

- 6105 7 -- 1000
4IP(F)s b 4 275. 6 -404.2 ".0040a 4 2 : K 7 L 57 8½ 2794L .8 -- 1•0 0 L ON '

5477.4 7S9 0 -3 940,i 4 161 I1 1849& 3 0416

41(]D)Se a OD 4g 915L .5 L 64 4'('0)e a $G 65 2901& 6 -- 1081. L 2867
31 10150. -9 57I ,6 300997 L 167
2 10651. 8 7 L67 3 304396 14.65 L061
1 ,4 1130L.6 45L S LS4 2 )329 1 (5 649

4D($H)5# 6 I •H 5 32 0 -6 7 1.072
4df sa G 4% IO6 9 _ 14 5 4% 3266 7 0 958

3 1229 4 143(1D)5 b 'D 3290 9 --72. 0( 136
4d14799 1 5 1841 9 188M 4 130.6 L 200

8309. 31. .39714799.6 ~~31 333150 3& .3
4d1 *ID 146 12 _243K 14 L2

i~17017.6 4id(&P)1. b'? 134 33734.99 -21. 188
0 36094L9 -6 70

4d& an 54 14663.4 1461.6 34014 -1260L1 1.063
29 35298. 5 O. 945

4d(qD)5 a *4D 1937& 7 -11 2 L 408
20514.9 LW7 40 ,'D 1§ 3479&.8 3L.9 0.

1 21246.2 -:731. .m 4'ID 13 49. .0
21645 6 3K 3 L 116 2 34 2 L 109

0.0
4sI 234 21557.8 73L 2 O 164 " 40s see 23 35857. 6

3 2223 0 1.141 4dseI)Se * 9 .7 -290 1 L 0

4MOH)Is a'H 634 259612 -1573 a2 36229.8 0C 90
5 IO S _175 L 16

44 261114 1.4 4dBI)As b' 43439. 360160 -4& . 067
33264631 753 M3 365113 O

. •.0 0

• •=• • • *• •- •,••- • ---' '• •-,d~r• 4•* Z,•hz•, • • • • • . .. • .. ..... .. ... . .... _. . . ..
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0ooftu Def J Laval Inthrval Obs. g loafgt Dedg. J lava Interval OWL

("0)56 0 30 4§ 3748311 LOT 07 08 0 1.
a 7ML 6 -54& 5 0.942 4d'('P)6p w 6D6 s o= 0 1.343

's 861.9865, o07• .775 ,!,

4,seD)So c.D 2 -730.1 6L2 9000 7 0.L 30

4WSP)GO *Is 01 4022& • 20 4d?('F)5p 2 WDO We'. 0 0.- 8
0.1 607.1 -.5 a 1. 187

4dSdD) dD 1 42750.3 2 M. 7 so 860. 1 G76 L
24 04 9 L420 314 15M.5 0 L961

4ds(sD)3p s 4De 4 48470.9 - 1.530 4dW6(F)5p y'0* 6 #7801. 7 1 L 164
3 46711.4 -57. 3 L NO #71. 4 -480. 7 L 138L 18 n0 -49 #7648.1 3 - 00. 6 L 02

1 47.M _-27. 16 L S 238• 6946. 7. U7

a 7S w 4d#(DH)Bp 8 I 6 7501. 4 -619.0 L 13
4d'(ID)5p a OF* $K0758." -87.1 L 45 44 680. 4 L 013

"4 W-50 4.8 -17.2 L 43
5M1665 -3169 L457 4d&(&G)5p z '1r* 416 7001.8 15017 1 19

2. $1170.4 -IV.2 L 302 3½ 6404.0 -- 2.46 L 059

41(•) Wis •• 64.$8 -- & 271 L 046 e480. f 25 L 98851079.8 -- 8 I65

4iP('D)Sp s 'P 3~ 51548.8 -17. L580 4tF'(F)3p 9 sG* 1- 6801 16
2$ 55M890d880.8 9MS . 8 8"a01.055

4d4(')5p z '0" ' 6 88W. 8 1.152
4di(ID)5p s 4F* 4 55864.5 -161. 1 L346 314 6o0. 5 -R& 2 1.21

a34 5455. 4 -- O S L 262 e 6 .9 5. 1.02
214 54794. - L 071 20 .W4. 8 706
1, 5 .9 0. 470

sD* sl.94d'(8P)6p 8 sr 14 6844.9 0 991 6 1.16
4dTD)5p -'D , 55516.9 741 2 L 40 014 69489.5 0.829

2 54085.1 - 59& 1 L 47
54665 -3110 L 141 4dl(1G)5p V 'H" 61 69811.5 -SK 6 1.196

IN 5481. 0. 0 5 65646.8 34.0 1.124. oLmit. 8 -- 41.6 L 0
4dW(4D)3p s TO 214 5•5•949 -969.7 L 571 $ 69056. 4 O. 798

14 56664. -659& 7 1.712
0 7114 1648 1. 11 70160. 7f 1. 209

4d6(sP)5p a8 11 4 6544.5 1. 789 4('IF)Sp w DO 214 071.1 1.157
14 70779.5 -20 4 0.745

4d(H)SP s 'H* 21 e6959. 6 3K 7 a90.
44 607. 5 400 5 L 023 4d('P)5p s ISO 01 7106. 5 2.047

6 S507. 8 280. 5 L 088
*K 65588. 5 1. 13 4dS(8D)Sp x 4P* 21 71115.0 -75L 5 1.246

1 7186. 5 -I2.0 . 567
44(H)Sp s "G 14 owl& - L 24 01 7319. 5 L 749

3 68941. 1 -- 8 9. 979L 179 dd()Bp y 'H* 5 7150. 7 0.72?
21 6409. 2 0.646 44 71M. 6 -572 0.96

4dP)p w p-1710.8 21.205 4dP($G)5p 1y fF 21 7156. 4t 1. 17?

0147 . -1 7 1 0 L58 3 % 7 015 0.5 4 1 L1 3

4i#('H)5p s 10 414 8488. 8 Im 9 0. 960 70048.5 1.137
51 85471. 72 6 1.052
61 "66198. _ 1.03 4d(SD)5p wvr 114 7558. 4 a70. 490• #•.81 -- 9K9 0 710. 446, 7 9

71 55.?21 79970.9 0.99 O
31 78148.1 1712 1.80

4(c7)Sp V I 114 64991. -47. 9 O 428 4 78918. 8 1.30
2~ 64481.8 29L0 1.2
43 64748.9 577.8 L 4 4ds5s(7S5p V 'rP 1% 70570.7
3 , sm. 7 L 162 21 7806. 8 1411

4s(S(H)3p s 2GO 3% fs 0 6 L 082 3 759119 204.4 1.712

41 6577. 8 0.994 20 1½ 787M. 0

aP(&I), 'Ds 21 65944.8 # 31 91½% 4iP(11)5p s 3K 7%I 7ItM0. Of
14614 78945.01 -3,

4('H)5p s SIO 614 65 46.6 ,0 s 1.L12 ? 34 - " 55 66049. 4 L 01 4d#(5D)SP w'Do 78749.5 31. 0.5 L2•, 78515. 8 31.8. 1.2 0

4*V(3)Sp s IF* MIA 6058 tot 1." 21 73884.0 IIL0 13
23 67009. - 0.880 31 74594.0 1810.0 1.31

• • • • • 1.13
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:9 0. MUM14 0 40 5.('6)5P SO 4P6 23 51751.7 -517.8
-d)S x8* 786 2& L111 8M. 5959119.5z434 74045.5 O 713 01 8N60.U -411.8

4dS(D)bp IS 'D* 7~45 8 O as 40(&D)6@ a*OD 41 510L 9
24 7174 L 2 334

4i(')6p w20" _97W S 5
3 75451.7 a9Ol1

4#QO')5p ISf 534 75N.1 -72069 L06 4#('D)6# s I'D 33 86440.4 M
70M. OL 4 24 87523.4

1%4
50719.5 v_ OL L 08 01476 " S.5 v -13 94 OL 9 4d &65 .( 8 )6 p x OF 314 90 165. 0 56 C

4d4('G)5p ISIF 83 7597. 0 L.14 234 M0OO. 9 -7
234 1%4 91505.7

4&%S'D)Bp I ap 77599.7 L1.8------8---- ---------

Ru ur(ID. Limit----135200
4d('D)5p IS 'D* 23 77819. 0 -796 1 1.07

114 7W917. 1 0L86

4i'('D)5p vwIF 23 79114.9 689.1 L.0

October 1957.Ru sm=Ta*

Configuration
111203 2ps 30 3p$ Observed Termsa

3dw 404pl+

a 'P a 4F
4cP GOP aID a2F GOO asH

iso (a 2t) isp (n Ž5)

Jc(Dx a@O a*Pz OD* S; F*
a, s1 .D s'P* s 4J30 xaF

2 IP*UdS 3('SMuz I

4d(H% a 4H z '0 a 'H .41*
b 2 H z 2G0 x IH* s 21

b. 4P s89 if P* 'D*

4db(IFs Ia pD' z F0 1100

4cP(')%Sx a4G x'F* z4G* y 'H*
b 20 y IFO 'G* y 'H*

40I xb'D 2 4P* D*'D w '!
4d('cu I'D 'D* I'F*

400I)nx 621 x 'H* 30 s' SRO

4d('S)%x c Gw F w'* H

MOOD)=d 2D yP0  t'DQ v 2FO

*For predicted terms In the Spectr of the Tor isolectronie sequence, se Volume in, Introduction.



REM

(Mo I ssquenoe; 42 electrons) -

Ground agate lot 2 2133ass 31d'& 40,Op 4* 6D6

40 1'D4 2SWM K I. P. 28.46 volta

The analysis is by Shenstone, who has investigated Ru II especially for inclusion here.
He has observed the spectrum from 600 A to 4004 A and clasified 40 lines. The quintet and
septet system of terms are connected by observed intersystem combinations.

He derives the limit 225900 from the ma series by mesns of a Ritz formula, with a=
1.033X 10-. This value of a represents a(Fe ui)X(a(Ag ii)/a(Cu ii)). Catalin and Rico
have interpolated the quoted limit by comparison of the third spectra from Y to In.

REFERZNCES

A. G. Shenstons, unpublished material (June 1985). (I P) (T) (C L)
M. A. CstalAn y F. R. Rico, An. Reel goo. EFp. Fislca y Quimica (Madrid) (A) A2 85 (1957). (I P)

Rumi Rum

Conask. Dw J Level Interval Conft. Deig. J Level Interval

40 40 &D 40.0 & 18. 40(6S)5d 5d 'D 1 137218. 6? 314
3 1158.8 -Ila& 2 137251.0 52.6
2 1826.3 3 137303.6 80.2
1 226663 -40 4 137383.8 118.8
0 2476. 0 5 137502.6

4dS()5s 58 is 3 27162.8 4d#(Q)64 6 18 3 137482.3

4c#('8)5s 5. Is 2 41111.7 4d(-QS)64 ftS 2 139692. 3

4d0()Sp 5p TPO 2 760. 1 5 4d*('S)5d 5d 'D 0
3 76915.6 1757.9 1 140345.8? 141. 8
4 75•7•5. 2 140487.6 -40.4

3 140447.2 -27.7
4#(1S)5p 5pP 3 83 M. 9 -4. 4 140419.5

2 84487.1 -335.8

Ru iv('SgO) Limit ---- 239M

February 1957.

0 0 1 0 0 0 * *
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RHODIUM

Rhi

45 electrons Z=-45

Ground state 10 20 2p* W 31 3d" 4' 410 4d' 5#'7 4 1

a 'FI., 6017 K I. P. 7.46 volts

The first spectrum of rhodium has a unique place in the history of atomic spectra. In
1901 C. P. Snyder published an array of Rh r wave numbers consisting of 19 columas and 54
rows, accounting for 476 Rh i lines. The significance of this work was not appreciated until
years later when regularities were found in many spectra. It may be said fairly that this work
anticipated by years the long series of investigations culminating in the Hund theory of atomic
spectra. All efforts to contact this author have failed-and yet spectroscopists are deeply
indebted to him for his remarkable pioneer work illustrating in detail the correct approach
to the study of complex spectra.

In 1927 Sommer extended the early work on this spectrum by Meggers and Laporte.
He published an extensive analysis including about 1000 classified lines between 2288.53 A 0
and 8425.51 A, 136 energy levels, and numerous Zeeman observations. He derived the limit
62000 K from the 'F- and 'F-series of two members each, by using a Rydberg formula.

Subsequently Molnar and Hitchcock observed the Rhi spectrum at the Massachusetts
Institute of Technology, and revised the analysis with the aid of extensive Zeeman observa-
tions made with the Bitter magnet. The data in the table are from their paper. They de-
rived improved values for the energy levels throughout the spectrum, add,. 14 energy levels,
and rejected 19 of Sommer's miscellaneous levels. Of these, one at W2 may be a mis-
print for a possible level at 53223.85 with J=1% or 2%. Two others " 56898.60 (J==2%)
and 63891.07 (J=3%), respectively, may be real, although the combinations are limited to
faint lines. There are about 950 ciasified lines between 1987.84 A and 8615.23 A. The
doublet and quartet systems of terms are connected by observed intersystem combinations.
The following changes in notation have been introduced into the table:

Deaination

Mcinar sand
Hoitesoek Adopted AEL

0 ID a 2D

aID b2D

e F

X s0p 0]P0

V + p

@ ~ ~ ~ F V @"0 @@
IFO 2 or.
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Rh i-Continued

The writer has also interchanged the configuration assignments of the two 2P0 terms having
singlet limits so that the lower one, here called y 'P, has the limit ID, and the next higher
one, x 3P, has the limit 3S.

Murphy has recently extended the observations between 6332.96 A and 11021.74 A. He
has added 53 classified lines and the two levels 6 'P1 . and b 'Gm. The remaining levels of
these terms have been furnished by the writer. A homogeneous line list and further analysis
are needed. No sextet terms have been found, no terms involving d-electrons are known, and
many miscellaneouR levels should be assigned their proper term designations and configurations.

The limit quoted here is from Catalin and Rico. They have derived it from a study of
the series in the spectra Rb I to Ag .

REFERENCES

C. P. Snyder, Astroph. J. 14, 179 (1901).
W. F. Meggers and 0. Laporte, Phys. Rev. 28, 653 (1926). (T) (C L)
L. A. Sommer, Zeit. Phys. 41, 147 (1927). (I P) (T) (C L) (Z E) (E D) (G D)
J. P. Molnst and W. J. Hitchcock, J. Opt. Soc. Am. SC 523 (1940). (T) (C L) kZ E)
P. F. A. Klinkenberg, Rev. Mod. Phys. 24, No. 2, 63 (1952). (Summary hUs)
R. J. Murphy, J. Research Nat. Bur. Std. 49, 371, RP 2374 (1952). (T) (C L)
M. A. Catalin y F. R. Rico, An. Real Soc. Esp. Fisica y Quinica (Madrid) [A] 48, 328 (1952). (1 P)
H. E. Walehli, A Table of Nuclear Moment Data, Oak Ridge Nat. Lab., ORNL-1469, Suppl. II, 29 (1955).

(Summary hfs)

Rhl Rhi

Config. Decig. J Level Interval Obs. g Config. Desig. J Level Interval Obs. g

4d$($F)S8 a 'F 45 0.00 --1529.97 L 329 4d$('F)5p z 'F 0  45 59430.86 -435. 48 1.261
3 1529.97 _ 0,o23. 12 3% 29866.84 1.4
S25 03 1474.0 - 193

25 530 874.65 D.o 183847.4
154 3472.68 0.473 .35577.03 0 6

4dD a 2D 25 3309.86 -234& 11 1. 116 4d$('F)5p z $G* 4% 81618. 78 _ 1430. 13 1. 156
15 5657. 97 0. 744 3% 8804S. 91 0. 991

4dc(9F)5s a 2F 35 569& 97 -2100.26 1.143 4dl(sF)5p z 2F* 3% 32004. 01 -194133 1.120
25 779L 23 0. 947 2% 33946.-84 1.011

4dJ(sP)5# a 'P 25 9221. 22 - 1092 19 1. 478 4d$('F)5p z 3D0  2% 38046. 8 --1820. 72 0. 999
15 10313. 41 -- 69i 64 1.576 1% 33867.04 0.913
0½ : 1006. 05 2.661 4d4(&P)5p z 'P* 2 85888.85 --70..39 1.470

44d'(P)5 a'p 1 1196. 23 200. 50 1.230 15 35404-.24 -265 26 .451
0 13974.73 0.681 05 85669.50 1064

4dV 50S b 'F 4% 12723. 07 1. 317 1° 3% 3613f. 7N 1.473
3% 14787 87 2064. 80 1.230
25 1611& 69 -1330.82 1. 018 4dP(sP)5p y 'D° 3 386787. -48 197 77 1.346
15 16943. 50 -824.81 2.415 86985.56 -105187 1.150

10 341O1518 --088.15 1.134
4dl(ED)5a b D 25 13520.69 1. 233 05 38474. 43 4 31 -0. 160

15 1438119 861.50 1. 034 2* 25 37300. 50 1. 400

4d8QG)5# a2G 454 16017. 94 11.114 4ds(sP)5p z P* 054 37368.6t 842134 1. 342
3 1615. 72 --10278 a 900 15 88210.96 1.210

4i 50 b OP 2% 23157. 57 _ 493.36 30 35 88012.75 1.436
154 23655.93 -10&36
05 248 -132.07 40 15 88668.

S50 bGG 4 2520. 80 24d•(P)5p y 2DQ 254 88718. &1 807. 17
3 2787& 52 -2155.54 952.28 8. 494

5' O "*808.84 -0.072
4d6(SF)5p z 'D0  35 7075. 68 1. 410 5 05 18806. 64

25 0849. 289 -. 16 7 63 1.330 60 25 89156.76 1.323
15 80897507 _13.3 .054 8114868 --749.41 1.165

0.040 4dQD)p 0 2.8 -4497.64 . 687

4d0('F)5p x 'G0  5% 59104. 71 51 02 1. 273 0 7 O.

44 854•.69 259. 06 1.181 70 34 3 89494.00 1.180
3 81101.75 1141. 57 1.023
25 3. 0. 937 8 2% 39788.09 1. 111
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Rhb t-Cmam~du Rh 1--Coadamwd

Coat Desig. J Level Interval Ob.g Coneg. Desig. j Level Interval O*o. g

9o 2% 89981. 30 1. 046 5 4%, 5%, 47862, 14

100 1%4 40184. 45 1. 230 6 3% 4789& 92

40DD)Bp I WF 3%4 4058483 292. 12 1.204 7 4% 4792 07 L 16
2% 4W076. a 1.068

240 2%4 47954.10 -0.063
04 8 2% 48239.04 1. 2

4D('P)5p x 8* 03 40604 51 1. 870 250 2% 48797. 74 1.066

4dI*eP)5p 'so 1is 40900. 00 1. 232 260 3% 48811.47 . 928

110 23 41443. 67 1. 983 270 234 4971.. 30

4dB(F)6e *OF 1 43 41880.86 -- 2563. 66 1.31 9 23. 50042.87
23% 44444.62 _ .102& 72 1.22 10 1%, 2S 50111.87 1.36

I 45811. 72 3 48
28° 234 50146. 60

120 4% 41953. 07 1.127 11 3, 50190.80

4d(F6 F 3 29.111 3%, 4%t 50190. 80 L 004#*('F)6e a 'F 334 42292. 51 -28.7

2% 44474 68 -2182. 17 .2 53 50199. 18 I. 12

13* 4% 4,2325. 46 1. 113 13 2%4 50207. 73

4dS(lD)5p z 2D* 134 42431. -48 989. 92 1. 346 14 3%4 50233. 05 1. 122½ 48•i. 4o1. 008
2 15 33, 4'j 50277. 62 1. 15

140 33 42495. 48 1. 231
16 3%' 50284.72 0.971 5 0 4 %t 4 30 4 ,2. 31 1. 1 1 91 7 5 2 0 617 13.4 50290. 06

160 33% 43047. 54 1. 139 118 23.4 5040& 21 1.020

4d'('G)5p z 3H* 5% 43070.04 1.097
4% 19 13 50451. 97

4d'('G)5p z 2F* 2% 4S777.07 127. 68 0.957 I 290 134 50721.44
33 43904.73 1. 069 2

170 20 2 51324. 35
21 334 51356. 22 0M 74

180 134 p620. 63 0.520
22 134, 234 51419. 45

190 23 44786. 67 0. 654
23 234, 334 51477. 77

4d'QG)5p y 'GI 334 45177. 63 137. 91 0. 43 28, 3% 51608.71

43% 45315. 54 1.106 30 2%, 3% 61608.71

200 2!3 45683.41 1.237 24 134 5163. 54 0. 92

210 I 1t 46980.09 1.089 31* 3%4 5oti-5 . 37 0.960

220 4%4 46511. 10 1. 115 25 13/2 52413. 28

23* 0% 46759. 86 0. 024 26 03, 134 52473. 55

1 3% 47713. 63 1. 38 320 13, 2% 53599. 28

2 51/ 47793. 54 1. 12 27 1%4 56087. 60

3 24 ? 47832 35 1. 33 28 13, 2%4 57610. 48

S4 4%4 47857.39 1.25 Rh ii($FO) Limit -------- O197

February 1955.

0 0 0 • 0 0 • 0 0 0



Rh i Orasavya T -uam*

L.I2,9EW sio3dw Observed Touni

UP 0+b' ' G•
4W J e'D b

4d1. W 6 &G

me (sa,) *up (S*5)

F) 46 'IF s .D* s 4* s I'GO

4 6 'P s IS O :DO

4D('D)x b RD S'r x zD* W'r

4W'O)us e0G x'r Y 10G*0 IsH

4d')as s p

For predicted terms ot the Rh iaoelectronic sequence, m VoL 4, Introduction.

Rhnu
(Ru i sequence; 44 electrons) Z=45

Ground state 10 20' 2p93' 39 3We 4.' 4p9 4d 'F,

a F, 14580 K I. P. 18.07 volts

The analysis is by Sancho, who has revised and extended the earlier work on Rh is by
Livingood and Shenstone, and by Hitchcock. From spectrograms made at Princeton by
Catalan, he has prepared a new line list extending from 1100 A to 4800 A. There are 494

classified lines. Observed intersystem combinations connect the systems of terms having

different multiplicity.
The limit has been interpolated by Catalin and Rico from a study of the ns series of the

spectra Sr n to Cd n.
The following observed g-values have been furnished by van Kleef:

Desig. J Obs. g Desis. j Obs. g

a 'F 5 1.37 S 'F* 5 1.43
4 L.31 4 1.38

3 1.32

S'D* 4 1.38

REFERENCES
J. J. Livingood and A& . Shen•atone, unpublished material; see R. F. BEcher and S. Goudhmit, Atomic Exerg,

Stats., p. 887 (McGraw-Hill Book Co., Inc., New York, N. Y., and London, 193). (T)
W. J. Hitchcock, unpublished material (March 1952). (T) (C L)
Th. A. M. van KMoef, unpublished material (September 19M). (Z E)
F. J. Sancho, unpublished material (November 1956). (T) (C L)
M. A. Catadn y F. R. Rico, letter (December 1956). (I P)

Rh U Rh n

Conu. Deft J Level Interval Config. Deuig. J Level Interval

US8 a IF 4 0. 0 --. 0.3 40 a IG 4 1485,5. 4
3 2401.3 -2401.3 4

2 3580.7 -1179.4

40 a ID 2 8164.4 40@(a F)5s a IF 5 16884.8 -1655.6
4 18540.4

4d0 a p 0 10760. 8 - .3 19792.4 -125.0
1 1051-5.0 1245. 2 2065&9 -854.5
2 1164 7 1 21180.0

0 0 0 0 0 S 0 0



Rh u-Coamued Rh u--Comdmd

Cro . DaW& J, Level Interval Coan& DOug J Lvel interval

4dr(a F)S b IF 4 25376. 9 4dy(a.G)6p W 6 75115. 166. 103 7439,4 -- 70043.02 2 34.6 -13952 -1517.4

2P 8 27801.4 mo 4d(.P)Sp a' 2 75118 5 -- 1517.
2 28131.4 ,78646.18
1 29070 0

40(420)5 ag e3 5 31730. 5 -874.2 4AP(a$P)bp a8 1 75881.5

' 320. -1240.7 d~o 5 $DO 1 75700.73 33845,4 -4d(a 'P)p 2 7570. 7 -190.02 7W&70. 7 GIL. 0

4d0(a'P)5S b 'P 2 3424& 0 483 1 8 78185.7
1 34726. 1 2 90 350Z1 0 -. 4d(a'G)Sp s 'G 4 7870.6

4d(anH)S a IH 6 35787.2 -1007.3 4d'(a'H)5p x ' 78444.8 -2060.2

5 36794. 5 -214-••7 704. -- l0w&
4 3894& 2 - 776M.

4d'(a 4 P)5& e 'p 2 36366.3 343 7 4tf(g'P)5p V'p 2 787#0.1 -817.7
1 36710.0 1 74587.8
0 0

4&(a G)So b 'G 4 36486.4 4d'(03G)5p a IF 3 74364.4

4d'(ai'D)5a aD . l•-i 4 4d'(a$G)Sp p'G 5 74509.8 -469.6
2 38622.3 -65.2 747.-51.
1 38687.5 3 75080.5

4dy(a H)5a a IH 5 41046. 3 4iP(a'G)5p aH 5 74M.5

4d'(a eD)58 b ID 2 42872.3 4d'(a'P)Sp $DO 3 75691. --1 5
2 7566.6 -1066.4

4d?(a 'F)5p a 'F* 5 57050. 8 M5 1 776833. 0
4 56547.8 -1811.2 q3 58358.5 -134. 4d?(a 'H)5p 7 75905. 4

2 59698.6 -874.66
1 605783. 5 76588.8

4d'(a'F)5p a &DO 4 59161.5 -1286.9 4di(a'D)5p w'D* 3 76085.4 2&51
3 60448.4 -907.5 2 76007.8 -134.2
2 61s55.9 -652&.2 1 78141.5
1 61881.1 -131.4
0 62015.5 -1.... 4dr(a D)Sp 4 77841.8 -1316.9

3 79159.7 856.
4d'(a 'F)Sp a 'GO 6 59705. 4 -27.0 2 78808.9

5 508. -1443.74 61178.1 -iV 4(a*H)5p x 1 6 78W97.6
3 61989.8 -6.
2 65288.8 5 5 4dy(a SH)5p y'P 6 78756.4 -86& 9I~ ~ 79899.56 -84

4(. *F)5p a 'G* 5 68194.4 - 176. 1 4 80*54.0
4 68959.5
3 65811.1 -1361..7 4d'(a 'P)5p y IS 1 79044.

4d'(a IF)Sp s 2F* 4 61816..1 -112& 8 48 (o Sp ' 1 719547.6
3 68454. 9 -151 5.5 4'aD5 D 91.
2 64970.4 4 -- .... s 'DO)2 79717,5

4d'(a'P)5p as oS 2 6861. 4 4?(a 3P)5p V 'Do 2 79938.8

4df(a F)5p a BDO 3 64819.4 -1259.4 4d(sH)Sp V 'G 4 81488.5
2 66078.8 - . ('8
1 66769. 7 _6 .. 4d'(atD)5p 81788.

4d7(o•p)5p x ap I [ st 90•9 l(asD)Sp 8 spo 2 81955.0 - 1294
17.5 1 88151.4

2 69040.4 10
8 6 9 1 5 5 . 1 . . .

S4d4(a H)p V IH 5 81830.7
344 7200.7 -2285.4 4dW(a D)5p V 'P 1 83178.1

2 75155.4 -284&. 7 4d'(a'F)5p 0 MD 3 87894.0 -530. 1
2 87930. 1 1026

40(o IP y &DO 0 70199. M 340 1 87817.5
1 70654.5 815..4
2 71358.6 349.1
3 71707. 7 -702.0
4 71005.7 7hn(o .mi --- 1

December 1966.

0 0 0 0 0 0 . 0



Rh i O vumaw T-uan

Observed Term

aai* ap up(F~5

40'.Fu (` &PJ s1D a' IF 04d'(o u as ( '0 aF

f(61 a OF 5 D" sD OF s GO

4d'(a 'P)ua FI . ". i yp D°

&e 0p W s8 6 p* I AD*

40P(a *G)nx ag Y: YO ! 4a• G* x ORO
b 10 s nF sGO 'H ° 8B

4iV(a$p)x {b SP ISO" 8P* z 8*D

4d'( SH)aa { $G SB v y SRO s W

4cP(J D)nx 0D x 'P* w $DO x IF*
b ID pPO i 'D° IF'

4d4'(a F)2 w $DO

*For predicted terms in the spectra of the Ru i isoelectronic sequence, see Volume m, Introduction.

Rkm

(Tc i sequence; 43 electrons) Z=45

182 2 2p W 3p3 WO 4'4P$ 4dt 'F4

a TFo 250500 K I. P. 31.05 volts

The analysis has been carried out by Cataln, Sales, and Shenstone especially for inclusion
here. They have observed the spectrum from 687A to 4800 A, and classified 854 lines.
Observed intersystem combinations connect the systems of terms having different multiplicity.

The limit has been interpolated by comparison of third spectra from Y to In, and furnished
by Catalin and Rico in advance of publication.

REFERENCES

M. A. Catalin, M. Bales and A. G. Shenstone, unpublished material (October 1956). (I P) (T) (C L)
M. A. CatalAn y F. R. Rico, An. Real Boo. Esp. Fialca y Quimics (Madrid) [A) W3, 85 (1957). (I P)

3km inm

Coafi Dsig. J Level Interval Con01. Desig. J Level Interval

4W a OF 4% 0.0 -2147.8 4d7 a 6H 5% 19490. 2 _-2502. 1
3% 2147.8 -13379 43 21992.3
2%4 3485.7 _13.

13 4322.0 -83& 3 4d' acD 2% 1952& 5 _251& 1
14 22046. 64 c a 4P 23 110623 652 2 % 316135.

10 10997.1 -1472.7 32t 480.2

4d' a2G 43 14044.0 -12118 4d('D)5, aOD 43 43022.0 13714
33 1525 8 338 44394.4 sTa4

23 4527& 2 -- 59 8
034a 2 16870L 7 13 4587& 6 5

7 o30 46227. 5

0 S 0 0 • 0 0 0 0



lb UE-c sia uda lb m - e.c I~udm 3

CO4Doi& .1 Level hrtwrvl Cosftg Deig. J L~ete IWTmvu

4411 4ID M3 4018& 4 12AS)1 9'~ 2% 11 .
3M 804413 21-017 6771.3

80387134 10owa. 1 12012
4~D)5aa' 33 546312& 149 5 04 155.

1 570115 :8 8 4#(P)ma cP 034 10144& 1 &7
0$4 57531.3 -53. 134 10183a18 &

234 1032224.0
b~~)5 2%P 3 63717.1 1 3

134 66M73. 35. 4iP('F)W c 4F 13 102194.2&3
O34 ou6'oa& 1 2519.4 2331 10312013

4d$($H)la a if 6 64250 -62943 101468.0

4~ 66217.9 g 6 7 4d'('D)5p s If" 2%4 10418& 4 -1300.7
3 6a 1 105498. 1 -741 8

0 106535. 9
40&'s F 43 60104.4 580o.2 4dda)8 F 234 106688.160884.6 -341.36702&. 7 :4 % 170.

134 67471 8 -5.134 170.
4d@(&P)581 c'P 034 106731.5 IOe&

4d6('G)5# a4G 5%4 70581. 3 _16K 6 134 10781M 0
434 72248.9 -9
334 73031k2 341 4d@SG)M d3O 434 111897.5 -1036.0
234 7327M.3 -4133% 113923.5

4cP(OH)Ss b H 534 72580L 2 -618 4d('P)5p 840 134 115943.4
4%4 73192.0 118 4$S)Pv# 2-27.

4d$(P)5s b IP 134 72837.7 -2071.9 134 1149310
034 74909. 6 034

4di(IF)5., b IF 3%4 76752. 3 9&3 4PRPsG % 1311 -5.
234 77708.6 -53 4(HS G0  34% 11339".1 -36

334 114311.5 -246.7
4d$(sG)5& S 'G 434 79304. 7 _ 1295. 7 234 114555. S

334 80800.4 4d$'(H)5p x 'H* 634 113893. 7 -386. 6
4dIID5s D % 858.553 l14*80L3 -541.8

4d(D51S' 3 81589.5 134. 1 434 114855. 1 -689.6
13 81713.6 179.9 334 115491.7

334 82M565 26.0 4d('D)5a$ e 2D 234 115013.2 -1o9o.8

4dlSQ1)5a all 634 8209);. 7 134 116104.0
534 82414.5 -314.8 4OP(H)5p 21 A~ 734 115590.0 -619.0

4d&,G 5* 3G 4 812 7634 116909. 0 -13ii.0
-A6534 116344.0 279.2

33 83367.3 3% 186.

4d#('D)5 c 2D 234 81377.5 2 72. 4dTP)5p y' DO~ 3%4 115769. 4 -3941 9
2% 8372234 119710. 3 -85&. 1

134 190668.4 -290.3
4ds0S)5s 038 034 88151. 0 034 1510858. 7

4#Q(D)5# d'D 234 88248.7 -277.6 4tP($P)5P z2D* 234 115991.6 -28_
134 8852&13 134 118078.0

4dg('D)5p s *D 434 91811 7 -09 4#I(fF)5p IOF'O 134 116011.1 311.7
3% 2.6 21 234 116395.8 84.3

% 99826..6 -804. 3 334 116407. 1 457. 1
23 985. -58a 9 434 11688U 4

13 S94118 -o&s -69.
034 98800.3 496(SH)5p s 'G* 43 116995.7 -6.

4d#(6D)5p a '. 534 97605.8 38.334 116965.0
434 97687.3 It1 d(rpx'* 3 1908 -15334 188. 4 2#'~p D 116990.8 24
234 760. -251.6 -154.7 741.2

1 9787149 13 134 118988.9 -4m0.0
0 976804.0 4 034 119418.9

0343)5 9714 4cF3 y, 4 534 117975.0 -31
2F34 97621.3 434 117596.4 3-27

4~PF)a c 2F33 978673.3 8 3 5 3 117919.1 -1.

4d$(ID)Sp It ip 3% 99046.9 -1894. 92§ 189.
234 100941.8 -11. W )50 b 38 034 18202

4d6(D)5 10w&11711. 4d$(IH)Spsl 118927. -68.
43(D5pI' 4 100757.3 1889.p 5 P 53 11895. 4 67

33 105446.8 -867.1 4ca')p F* 33 118850.85
234 103813. 9 -666.3 %-3.
151 103980. 9 234 119481.5 63.



lb ~~ ~ ~ R m-suu 3 _-.im.

Dal& I LAeve Interva C*04g Deal&. J Level Iatval

4dVn)4p 8 MR* "g~ 119784.0 -1151.0 4#Q'D)bp w 'D 134 185959.9 2"
4t 1ISOM. 0 23 1ism5" 5

4d"e)bp x (0 534 119541. 7 -2110 4dl('D)Sp w~ 1, I0189759.0
43% 1010? loo0
23 UK7 7&74i(F5 v 'DO M3 14= 995 -337.1234 19896.?13 1495 6

4"(F)5p I*G* '4% 1w o 06. 434,)p * a 14455.8 3&3%4 1 SOW. #gSF5 ' 34% 142848.8 9:

a')P P* 134 IW*14. 8 -1697.1 4&P(I7)5p IF* 334 148548.0 -5&
034 19551. 4 234 147051.5

46%(I)5p x 4p 4% 195m1. 5 -io00& 4P(sP)5p1 w'P* 034 148577.1 29
3 18535.8 41-344 148871.9 75

15597w.4 8 234 147615.5A134 4d1(V)5p1 9'DO 034 148989.1 33 3
4ds('G)5p V4HO 6%4 loom& 23a 13 147577.4 442

4$'5pV 2%4 154403. 1 -74. 3%4 148818.8 1
134 15W7. 6 434 14905. 1 2149.7

4riS('P)5p IaIs* 034 1e.915. # 534 1409187.8 29.

4d'(*G)5p Vo 2% I0 .74dS(IP)5p# Y 'S' 13% 1487834.8
V F 34 155540.87 96 4ds(*F)510 u 'D* 034 151845.86 102.6

31 11511548.879.
4dT(D)5p x To 0%4 1"6448. 380 12 1514948. S9

2% 157147. 8 324.3 23 159467.9 6 _.

334 157188.5
4d1(3G)Sp V snH 534 156580.9 4d*('F)5p$ u 1D' I3 151558. 4 3504

4%4 1#7940. -1409.6 2%4 152906.8

4d*('D)5p ue'D* 034 157885.2 4d'(sD)6a e 6D 434 152765. 0?
114 18578 642.1 334

24 1588197. 28&o 2 234
324 128~811 115.3 1%4
3% ('D)5p 4 034

4cF')S 1w 118I90MOM 102. 1 4d&(eF)5p§ u 2GO 4%4 151989. 6 -95
234 Itiwx 117.7 334 158884.7

4%4 119555. 9 42. 4d'('F)5p* v TO 134 158401.9 96.0
4a'(11)5p x SK* 63 119141. 0 2A4 158497.9 - 4.

734 1-30606. f1 46 3% 16849. 490.0
4d4'1G)5p x 'G' 4%4 119489. 8 -89.2 4d$(sF)5p§ 13176 234 154790. 9

334 119578.8 8% 164. 5.
4d$SQI)5p x Sfl 434 180406. 4 334 4PB)50t$D 158451.79 aS.

4dG)pv' 4r 1881. 234 155850.8
33Q)5 'O 4% 1387 -IS&7 4dG(sP)5p6 vsp* 034 158894.63% ISW. 1134 158789.0 .4

4a*SQG)5p z 2F0 334 181988. 5 36SO
2%4 1ss3M. -36 7 4d4(1P)5p6 Y 8 034 159181. 6

4d6(sD)5p Y Spa 0%4 18308. 8 4d$('G)5pi a 3'P 334 160598. 7 -55& 7
1%4 138485.5 376.7 25i 161150.4

4dT(G)5p v' 54 4d(P(G)5p6 9 'G' 434 161848.4 _ 1184. 4
4341 5 133.' 3%4 168080. 8

4d'(SD)Sp x 2D' 134 - 4dQG)5p6 u'H* 534 184197. 1 -837.9
234 i 401.5 434 165085.0

4d$(*J)5p Ile 6%4 1846I), 4d6 (D)5p6 a 'DO 234 166719. 4 -706.8
534 S36. -668.4 134 161416.12

4^11)D)5p ta'F 334 185585.4 _4d'('D)Sp' U2P* 134 167781.9 -566
234 185701. , 6 16&. 1 034 168857.9 500

4d$38) 5p zIO 14 185. _4dsQ1D)5p' r 'P* 334 167986. 7
034 1 18P49. 8 -348 2%4 16850f.7 546 0

4ds'QD)Sp v 'P 23 187787.6 5------- 481.-- 0-- ----

33 1388118 5 410 Rh zv(GD 4) Limit -- 250500

February 1957.
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PATLADIUM

Pd 1

46 electrons Z-46

Ground sdate 1s'2 F`30 p 3, 4 4PS4dAAA

4P4 %5 61U6 K I. P. 8.33 volts

The analysis is from Sheusitone, who, in 1930, revised and extended the searier work by
McLennan and Smith, Bechert and Catalfn, Meggers and Laporte, and othwLs W-ith the aid
of recent ultraviolet observations he has carried it still further, anm furnished the additional
levels specially for inclusion here. There ane 390 classified lines between 1723.65 A and
924.02 A. In the 1930 term table be gives observed V-values based on anl availbl material.
More recent Zeeman data from the Massahusetts Institute of Technology have been published
by Lindaly and Rooem, who also derived more accurate values for aome of the energy levels.
In the table, the two-place entries for energy levels are from their paper. The fIrst column
in the table (labeled "S8') gives Shenstone's notation.

In his 1953 Paper, Shenstone discusses forbidden transitions in the Pd i spectrum. He
explains the level previously called K, (54895.7), a" resulting from "forced" dipole radiation.

The singlet, and triplet sstems of tams ane connected by observed intersystem0
combinations.

Mackr has noted that the sequence Pd i- Sn v shows a gradual transition from LS- to
b-couPling for levels from the doa and d~p onfigurations. By analogy With Cu Ui, the writer
has prepared the following table giving the JL-coupling notation in the form suggested by ]Racah.

And=o COak. Dials j AUth Ca&fg Desig. J1

mDs4#D('dggi as.W 3 ad 'Sm 4P('D.ujnd ad Pll I
"R ~2

11d'. of ad 14%4J 5
a. D,4i(9Dugjts me' (11)0 1 4

2
114,"ad(14 2

up'g40(IDUJ)p ap 11W4 21
Pg1 Aid' "oo ad 12%4 3

sspof " p MW34 3
Dg2 11'4 Ap ad (0%4J 0

up'g D' 3 Sa p' P334 0 ad'?P, 4,1('Duaod ad' ON4 I

2f old' SA We(34 34

s'tup, 1064 I AD, 2
'Di 2

*9d'?, to a& [2)4 2

a~d 8. of ad1031% 0
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Pd ]i-Cmadaed
Shenstone has derived the limits from the i 'tD, ns 'D series (n=6 to 8), by means of a

Rita formula; and lists in his term table the Rydberg denominators for many of the levels.

REFERENCES

C.S. Beal, Proo. Roy. So@. (London) JAI 1%, 360 (1925). (T) (Z E)
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W. F. Meggea and 0. Laporte, Phys. Rev. M6, 642 (1926). (T) (C L)
J. E. Mack, Phys. Rev. 26, 17 (1929). (Z E)
A. G. Sbenstone, Phys. Rev. 3C 669 (192M). (I P) (T) (C L) (Z E) (E D)
0. Raeah, Phys. Rev. 61, 37 (L) (1942).
C. H. Limdaley and N. Rosen, J. Opt. Soc. Am. 81, 531 (1941). (T) (C L) (Z E)
P. F. A. Klinkenberg, Rev. Mod. Phys. SC No. 2, 63 (1952). (Summary his)
A. G. Shenatone, Proc. Roy. Soc. (London) [AJ 219. 419 (1963). (T) (C L)
H. E. WaIchli, A Tab. of Nutlw MomenW Data, Oak Ridge Nat. Lab., ORNL-1469, Suppl. 11, 29 (1955).

(Summary We)

Pdi Pdi

S Conhig. Dnaig. 1 1ýLevel Interval IObs.u g 8 Config. IDesig. .11Level Interval Obe.g

a 1S, 4dW 4dn IS 0 0. 00 0/0 5d 3P, 4d'('D,,?JSd d 'P 2 54820.6 2.1
5d aP 1 54822.7 -

54 Do 4'('D3,,)5* 5. ID 3 6564.11 . 11.333 5dU' " 0 55373.0
58 21),2 7764.99 -2330. 4.128
5. 'D, 4dO(3Dzm)5. 1 10093. 94 _-233. 95 O. 497 5d 3D3 441(,D2%)Sd 5d 3D 3 54947.75d 8%D 1 2 5490&8. -be 3498

5 D 1 6 4d('Dxg)5# 5s ID 2 11721.77 1.040 1 5Ds 4'(D,)S 1 5W4& 1 34096

" IF, 4d' 6W' 5s2F 4 25101.1 -1 IF, 4d'('D,•d 5d IF 4 55025.2
"a IF, 3 28213.& 5 -1495d IF, " 3 55012.2 -&0
" 3F2 2 29711.0 5d 'Fs 4do(ID1,)5d 2 58555. 8

5p Pj 44'(,D,l,0p 5p 3po 2 714069. -1. 1.482 61 4d 5s( )5p
5p t P) 1 36180.64 1107 1.396 

2

5'p IP 4d'('D•zj)5p 0 38088.11 -1907.7 4 0/0 7V 41' 5s( )5p 2? 66335. 6?

5p 'Fi 44'('D)p 6p 'F 4 3597. 89 1 476.49. 25 83,. 44' 5s( )5p , 4! 66544. 3 1. 06 0
5p'F3 3 35451.40 -3360.46 1.063
5p 3Fi 4dS(IDM)5p 2 38811.86 . }0.752 201 4&' 5s( )Sp 1 56645.8

5p 'Di 4d0(2D,,)fp 5p ID* 3 7393. 71 417 78 1. 276 21L,4 4dI 5s( )5p 3. 4 56911. 1 1.33
5p 'Di 2 36975. 98 4 70. 988
5p 3D! 4cP(3Dj%)Sp 1 40368. 7 -336 0. 831 22t,2 4d' 5s( )Ap 1,2 57138. 8?

5p IF1 4dI•(DgM)6p 5p IF* 3 39858. 33 1.081 93 4d' 5*( )5p 3 57M64. 8

5p'DI 4db('D,,,)6p 5p 'DO 2 40771.46 1.114 103 4d4 W( )5p 2 67584.8

5p 'P1 4d'('Dt)5p Sp 'Fp 1 40838.80 0. 768 7. 'D, 40'('D.078 7. 'D 3 58064. 1 74.2
664067D 2 5819&3 -3 464.56 'D, TD)6* 2 3D 3 48901. 2 1. 7s ID, 4dP('D,%)7# 1 61602. 86. $Do 2 49019.5 -25

6& ID, 4dI(2Dj,4 )6# 1 5233& 3 3 -331i 8 12t, 4d" 5s( )5p 2 58102. 7?

51 40 S( )Sp 3 50910.4 1. 47? 231 4d0 5( )5p 3 58108.f

i1 44' 58( )6p 3 65457. 0 1. 26? U 'P, 4d§(',D%)U 5d 'P 1 5819& 3

6& %D2 44'(9DM)6o 6. ID 2 52487. 7 241,. 4d4 5s( )5p 3, 4 68316. 6 1. 25

6P 'PI 40('D,,/)6p 6p IpF 2 6350. 0? -178&7 5d 'G, 4dI(IDj,,)5d 5d G 4 58387. 8
6PIPI 1 54856.7

0 Gp'FI 44'e(DjMO6p 6p 'F* 3 58389.8

Op 'F1 4#(2D,*K)6p Op 3F' 4 4M. 9 574. 3 141 4d 56( )5p 2 58415.s 0. 91?
6pIFi 3 53761.6
6p 'F; 4d'('D,/)6p 2 67995. 8 --4164.2 'Do 4'(2DIM)d 5d U D 2 6844&05

5d 'S 4d'('Dx)d 5d 'S 1 54574. I S tFs 4#('D,)5d 6d 'F 3 58561.7

6p'Di 4I('D,,*)6p Op ID* 3 54599.5 424. 8 5d S1 4I(2D,)5d 5d 'S 0 58681. 3
6p 'D! 2 54174.7 _ I
6• 'Di 44"('D,%)6p 1 58016. 7 -3842. 0 151 44' 5s( )Sp 3 69141. 1 1. 04T

41 40 5&( )5p 4 3 54678.70 1. 29? 161,1. 4d' 5s( )6p I, 2 59687.8

54' G, 4d('Dw,2.)6d 5d 'G 5 54806.1 -- &2 173 4d'6.( )5p 2 69730.9
5d2G4 4 54811.3 -

3d 'G, 44'(tD,)Ud 3 5834. 9 3537.6 251 40 5#( )Ap 3 59864.5

* 0 * 0 0 0 0 0 0



Nd *-Cindmwuui ~1 -camawui

a c..... Dug. J Lavel Inavatl Obs. r a Cosm4 Dug. J Ilav.! Inturval bs

261 40P 68( )SP 2 600080.5 ft $Do 4d'(lDgg)3 So SD 3 61736.2-0
2

271 40 Gs( )6v 2 SM44 1

6d Mh 4iDeDJ~d 6d'S0 1 G03235 s 'Fj 4# ei5.F)p s,"r a 0,0.5s 1.06

23G,. 4d5.6( ASP 9. 601.8s I'D1 4d 5*(IF)5p 5p" DO 2 *UK56.

lid 80 4#0(-Dvojd Gd'0 SU 6164 -03' 4PW )p2 844
ad G. 4 603114 -10K 816D. S ,544Od'G 4D('0g6d 3 63863.0 321 40 So( )5p 3 88476.4

W0 4D( )4j? 817. 11 331., 4# 58( )6p 1,2 on" 51

Gd *?, 4001.) 6d 6d' 2F 60321L8 go 'Do 46-('D,,.) go 'D 3 GU3571.7

0 1

6d ID: 4i('DJsg)6d 6d ID 3 666764 -o6d10,1 4El(sD&N)6d 6d 10 4 Ml671
dD,2 60396.4 4 9

U ID, 4iD(lDu6d 1 63696.3 6d 'Fe 4d'('D,,06d Sol IF 3 63M3.38

Ud'F, 4#l(ID*,J6d 6d IF 4 603 04. 341.1 4# 5#( )5p 1,2 6596.5St

Gd' 4 -5K,(-DW~6d 32 663937N.4 -38. 351. 44 s.( )3p 1.2 64866.0f

291 0P 8( 6p OMý RPd ii('Da.) Lim~it - -- 67236.0
s IG3 4d$5#('F)5p 5p"O* 4 607M 7 1. 20? P70&0

IPd zi('DuO 
U i .- 775

7aD,s 4ds(D 1 7 7s ID 112 6163A.6 -______ 
______

F*Wauary 1955.

Pd i 0soa..avu Tamg

Convisiu Observd Twice
lag 2sK,2p$ 0 3pl3d-40I 4pl+

4dP 50 50 O

ItQs (5) sp (a ka)

4cPlDwz5-f ID 5,6p IP 5, p $DOa G~p or
5-7@ ID 5p TO 5p MO 5. p 'r

4d 5&MiWs. if 'DO 5p' ir s, too

4(I) ,U 'dso 5, 6d $P 5,6d ID d' 5, dI 6,6d IG40M=Gd is Id'I 5dID 5,6d IF 5, 6d'0o

OFor predifted terns in the aelb of Us Pd i bodeaboloa suequess, ev Vol. in, Introduction.
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In 1IM Shenstone revised and extended the earlier work on this spectnzm, and published
366 cleassified lines in the interval 1115.16 A to 4150.95 A. This list is from observations by
himself and others. Those in the vacuum region are by H. E. White, who located the ground
term.

Blair used a Sch~le tube to observe the spectrum mone completely, in order to extend the
analysis of terms from the 4d8 Go and 4d8 5d configurations. His list coven the range from
2124.33 A to 338.57 A, and includes 257 classified lines. About 60 lines are common to both
published list. Blair improved the values of eleven higher levels given by Shenstone, aNd
added 35 new levels. He revised the levels at 112872.7 K and 11494.2 K, designated by

---son Sd 'O. and 6# 'Ps, respectively, retaining the latter level as a miscellaneous one
labeled ed 3*& and rejecting the former one.

The #-values in the table are from the 1941 paper with the exception of four entries for high
levels, which are from Shenstone. Three place g-values are, in general, from resolved pattern
observed at the Massachusetts Institute of Technology.

Shenstone determined the approximate limit 160605 K from the .5,8e 'F series. This
was recently revised by Catalin and Rico fromn a study of the series in second spectra from
Sr ii to Cd ui. The revised value is quoted here. Blair comments that the 'IF,%, 'IF#" levels
"Iappear to be approaching the same limit as would be expected with the inverted type of
convergenc pointed out by Shenstone. ." This type of convergence is discussed under
Ni i in the present volumes.

Observed intersytate combinations connect the doublet and quartet systems of terms.

REFERRNCU8
A. G. Mmeluas, Natur 133.727 (138).
A.G0. Mesw.ePbya.Rev. =J30(IUS=. U(1P) (7) (C L) 47 )
R. A. Dlar, Phys. Rev. W3,173 (1980), (T) (C L)
C. X. Lindisy sod N. Room., J. Opt. amc Am. 31. 581 (1941). (S5E)
M. A. Catalfa y F. R. Rico, An. Real Sco. 1hp. do Fl~d. y Qulmnisa (Madrid) (A] A5 828 (1952) sad Wattr

(December 1966). (1 F)



Pd u Pdn

Anthem. aOd... Di._W J Lvld Iam'val Ob. •. Autham Co•df. Dein"g. level Interva Obh.#

4d'D, 40 W'PD 2% 0 -33 bp ID, 40('P)5p 5p' ID1 04 51806. 0 5 0 .149
4d D: 1% 3339 bpI) 1 4s 0 ,87 1M 3 L.1

bp 'Do 12% 88450.0 1 GO&
5.'?. 4", )8,Be. T '4% 25061.0 -20113 1.330 I 4'D), 3% 58M06.8 1.22

. 6'?. 3% 27r43 o 18317 1.,4.
a'Ia2% 2397.06 6 1.031 14 OH# 4,D('G)Sp 5p""1HO 4%4 83759.? 91

50', 1 29945.6 - 424 4 Hs3 6 s. 1803.2 1.00

SIF, 4D(•F)5s 5s OF 3% 32277.9 2144- 1 .148 op *Do 4d('0P)5p ,' 'D* 2 8805. 6 -569.8 1.19

8. IF, 2% 34422.0 1.096 Ie Do 1% 84575. 8 .834

as :Pp 4Dg('P)la 5' 'P 2% 36281. 5 : 10t 8 . 1. ep '8, 4dm('P)5p 5p, 80 03 860070. 7 I. m

54w, 37M650 1137.4 1.:6 ep :P, MB(IP)5p 5p' "'F 13 56151.0 -2887.1 1.1
a4p09 38M014 1666 e!'P 034 88M~.i1a7

51 :Do 4#PQD)5* 5" 2D 1% 39571.1 1427. 2 1.165 hpIF, 4d'P'G)5p 5p..F 3% 56048. 1 I.09
5e Do 234 41198. 3 1.239 hp 'Fs 23 871,0.4 197. ?

5a sp, 4F(P)5a 58' SP 1% 43M47. 8 _2n 0 1.220 bp '8S 4di($P)5p 5p' '8" 1% 86579.6 2.o0
58 sp, 0, 43939.9 a. 681 lkp 'Go 4d'('G)5p 5p' .sG 33% 89681. M A 0. 89

So 'G, 4,G)5& W"' 2G 4 4450y7 108.2 1.099 kp IG, 4% 8985.4 1.11

58.20 3% 44613. 9 - L 886 'F, 4D(sF)6A 6 'F 4% 10461. 0 -6912
-271t 2 .40 6 F, 3% 10530& 2 _2&3&.

ap 'D, 4&P('F)5p 5p 'D* 34 65547.0 27112 1.40 6 'FT 2% 108147.0
ap 'D, 2% 873 . -2157.6 .328 6s'F 2s 108147.0 -1183.0
apjDs 1½ 70119.5 _ 1059. _ 1.168
ap 'D, 034 71178.09 1 09 6s :F. 4d-('F)6s 6. IF 3% 10814&.0 -1782.56.'?,t 23, 109928. 5 -72

ap 4G# 4.F(,F)Sp 5p 'GO 53 86611.5 13115 1.28 9F2%19&5
4p GG 9 67999. 2312 .17 5d 4'Dm 4d•(F)d 5d 4'D 3% 110204.5 -41744p G , 4 7 0•9 .90 - 2311.2 1. 069 ,ed 4D om 2 % 110821.9 - 1 .

ap 'G4 3 610.. & -81459.5 3
ap 'Go 2% 71069.5 14 718 2%1
ap IF& 4jP(IF)5p Sp IFO 4% 81)88.4 -161.3.28
ap W4 3('714•p 469 7 - 136. 3 1.11 5d 'Fu4 4cP(IF)5d 5d 'F 43 11088&6 -6203.7
ip 3Ws 2% 73110. 1867.7 1.047 bd 'Fvw 33 111090. 3 -3137.9

:IF14 75545.0 7 0.4M724 #d'FsM 2%4 114228.2 -31221.9
p' 'Fw 1% 115449.7

apS(. 2) 3, 7431&. 7 O4 99 5 . 40 4d'1F)5d 5d 'G 5% 110910. 3 -33. 7
ed p3 717 8 4% 111247.0 -2588. 7

4p $Do 4d&(IF)Sp I 'D* 23 75755.6 - U 4 133 11383&7
ap Do 134 75095.0 O920 2%

ap IF, 44(IF)5p 5p IF- 3% 787. 5 _2426.1 109 e4'Woo 4'P(IF)5d 8d 'H 8% 1109]8 362.3
apIF, 234 7575A6 1.115 d 4'H110 53 110624.5

4%

bp 'Ps 4D('P)5p 5p' 'P" 2% 76787.4 119 1.34 33
bp GPI 13% 76761j, 5 2 9 1.317
bp 'P, 03 76807.4 1266 Ig 3% 114001.4

p IF, 4DPD)5p, 5" ,, 2% 75709.3 • 917 1.0561" .,• ,? 4iV(#F)5d U4 IF? 3% 114241.0
cp IF, 33j 79705.0 1.25 2%

e ,Po, 44'('D)5, 5p" 'rP 03 709e6.4 13.7 17. 09 ad 20,1 4d,6(F) 23 114047.6
CpPo, 1% 50956.1 . 130 .4 3m 4dc(yW)5d 2% 114940.

ep 'D, 4,D(ID)5p 5," 2D- 1% 81557.05 49. 1.186
cp 4D" 23 8M .057. L ed 4% 4d(IF)5d 1 034 115428. 9

cp 0000
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Asiba CoM&. Dsog. J IAvel Ininrml Obe.

ad Am WD()ad 334 115881.5

ad Owg 4D(J)8 334 1157712 A

Go T D P)Ssgo~' 6P 21633.0.

Godýo 118918.4 ~7.
ad 7s 4"(')ad 2%4 117149.7

od sw 4#($J)bd 134 1173311

ed9%% 4#(IF)S 234 1168485

ft Ifl1  400(D)6. Go" 2D 134 116781. 7 6119
6@ TIN 2%4 119394.6

61 :PH? 4#(*P)66 68' IP 034 119060.0
6 Pus 134 119743.0 6&

6. IG~ 4d*FQG)Ga Ga"'. ' 43% 12270&.0 -11
Ga 'G,,m 334 12271M.5

Id lO,,M 4cP(ID)Sd 134 123755.0ftI

fdl111 40#QD)5d 134 123866.1

fd 122,i 4cPFQD)Sd 234 124149. 6 -

14 Alfd 13,, 4dF('D)5d 2%4 124260.3 * . 0.

fd 14 4cP(ID)Sd 124930.0 0

od ID 4dgQG)5d 5d .. D 2%4 I2:.:, 5.2 0

td IFa, 4dl('G)5d 5d".."F 3%4 128623.61a
ed sFoi 2%4 128684.5 -40.9 -

gd 'Got 4dl('G)Sd 5d"'"G 4%4 12930. 3 -7 2
ed 'Goi 334 129381.5 _3

Pd wn (tF4 ) Limit . 186700- 0

December 1956.
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Pdw

(Ru i sequence; 44 electrons) Z-46

Ground state ia 2. 29 3' 39 3d" 4.0' 4p 4ds IF

a IF4 2656W K I. P. 32.92 volts

The extensive analysis is by Shenstone, who has carried it out especially for inclusion
here. His observations extend from 695A to 2950A. He has classified 800 lines and derived
the limit 265900 from the n8 "SF series, (n=5,6) by means of a Ritz formula, with an assumed
value of a=4 X 10-4. The quoted value is from Catalin and Rico, who have obtained it by
comparison of the third spectra from Y to In. Observed intersystem combinations connect
the terms of different multiplicities.

Shenstone's investigation of this spectrum is so complete that only three levels "from the
expected configurations" remain to be found. He emphasizes the fact that "the assignment
of terms to ions is in many cases doubtful" and he feels that the levels should not be grouped
into terms in the table. On account of the increased inaccuracy of all levels lower than a IF, he
suggests, also, that this level be adopted as zero.

The writer has rearranged his data to conform to the general format adopted for these
Volumes. The users are urged to bear in mind the reservations made by Shenstone regarding
this format and to consult him for further details.

REFERENCES

A. G. Sheostone, unpublished material (January 1956). (I P) (T) (C L)
M. A. Catalin y F. R. Rico, An. Real Soc. Esp. Fics y Qulmics (Madrid) [Al Sk 85 (1957). (I P)
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Pd m Pdlm

Co"& Duals. J Level Intvl Cooic. D*4& J Level interval
0

4d a '? 4 0. 0 _d(p••'" 13#3 3229. 7 7 4d'QP)9p '8 W2 111138.6
2 4687.3 -1457.6 4d'(,F)5p s &F* 4 111449.3 -- 1sio3 113801.9

4dFa ID 2 10230.5 2 115738.0 -19A I

4d a 3p 0 13699. 1 4d?('F)Sp x $GO 5 111506. 9
1 134718 3 -226 8 --2379.7
2 14634.3 1184. 0 3 116518.9 -1632.3

4d' a IG 4 17880. 4 4d'('F)5p s 'DO 3 115738. 6
2 118790. 3 1053.7

4d'(,F)5s a 'F 5 52915. 9 1 117566.8 -- 776. 34 55088. 8 -- 2171 94 50&8 -- 16,517 4d?('P)5p s TpO 1 119227. 9
3 56741.5 -1103.5 815.2
2 57845.0 - 0 1P

0 2 197. 8.
1 58527.3 -682.3 3 0S. 179.3

4d7(4F)58 b IF 4 62560.9 -2694. 5 4d'(G)5p 2 H° 4 2f771. 8 -- 2083. 9
3 65255. 4 2184 5 5 110687. 9
2 67079.4 - 1824.0 183879.9 2641.4

4d2('P)Sa a 6P 3 6570& 3 80 3 4d'(sG)Sp 1 SF* 4 121181 56578 -3 1 36..9 -3075.4
1 67151.4 2 127378.6 -3141.7

4d'('G)5# a 'G 5 69985.8 4d2('P)5p 8 'DO 0 1#1659. 14 71047. 2 -101.4 0 111 .81.8-- 73. I 1•1784.4, 1258. 7
3 72786. 1 -17399 2 11993. 1

3 113503.4 510.3
4d'(sP)Ss b sP 2 72745.0 4 111899.8 -1603.6

1 73002. 6 -257. 6

0 74281.2 -- 127& 6 4d'('P)5p a SPO? 2 123313. 11 11k5477. 4 --2164. 3
4d7('H)5a a SH 6 74673. 3 0

5 75967.6 - 1294.3

4 78581. 1 -2613. 5 4d'(3P)5p • 'S* 1 113779. 0

4d?(3G)5s b IG 4 75403. 0 4d7('G)5p • 'GO 4 114431.9

4d'('P)5s c 2P 2 75455. 0 2.4d('P)SP y 3DO 3 18,64.31 76055. 8 --600. 8 3 1146204.48
78732 57 -2676. 7 2 124439. -536.

0 7725?1 124976. 1 56.

4d?('D)5# a 3D 3 76231. 4 4d4(3H)5p 'GO 52 78169. 8 -193 4 5 114780. 1 -3224. 7
1 78120.0 49.8 3 1*9681.1 - .

4d?(2H)5a a 'H 5 80805. 1 4d'(3H)5p S P10 7 117545. 8
6 126153.1 23817

4d(P). a IP 1 82620.3 5 117906. 6 -2743.5

4d7('D)Sa b ID 2 83204. 3 4d'(3G)5p z 'GO 5 115389. 9
4 116914.0 -1524.1

4d3(')Sa c 'F 2 85420. 7 3 197017.6 103.5
3 85830. 4 409. 74 86795. 2 964. 8 4d7(2G)Sp z IF* 3 115694.3

4d('eF)5* a F 3 90684. 3 4d7(4P)5p y IPo 2 116078.5

4dT('D)5#' b sD 1 103529. 4? 2 1 1714. 1071.0
2 103549. 6 20. 2 0
3 104419. 1 869. 5

4d7('G)5p 'H 5 117187. 1

4d?(QF)p g WF 5 10145. 4 726. 7
4 104418.7 -4 .8'D)Sp z 'D 3 117657. -
3 106893. 5 _2474. 8 2 128797. _ 1140. 0
2 108641. 7 M1748 2 2 1287.9 -_1043. 5
1 109780.1 1138.4

4d'('F)5p 'D* 4 108115. 7 4d'('P)5p w'd° 3 118038.4
-1608. 8 2 181175.9

3 10971*5 1185014.1 -28& 82 110941.0 -- 1216. 5 1 1501.1
1 111709.4 -76& 4
0 111847.8 -137.8 4d7(oD)5p z 'F 0  4 130476.3

3 132044 7 - 1568. 4

4d7(F)5p aGO 6 109015. 4 2 130611. 0 1423. 7
4d(F5 1 G° 6 1079.015 1-670. 9dQ)ps'* 6 1055 109076.3 -60. 94 1040 --1871. 7 4d'('H)Sp I 'I° 130959. 3
3 111031.0 -8812
2 111801. 9 -171.7 4d('p)5p • 8S 0 131481.8?

S: -. ... . I~ ~ ~ 111.. .9 .I... .. IIllB mm S
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Pd IN-Cm~amed N ni-Cemlamed

Cod& D=41. J Lmvd Inte-ai Confix. De•g. J Level Inteiral

4d'(,H)5p V @He 6 131550. 6 --749.9 4,I(])5p x 'GO 4 J4101& 4

4 ISS•a 15450. 9 -- 1149.7 4d,('F)bp r 'D* 3 141J57 9.
2 1459. 1? 117 1

4d'('P)5p Y '8 1 155181. 5 1 145103,0

4d1'P)8p IF' 1 185716. 7 446(,D)5pl to 'p0  2 158999. 5
1 154567. 0 -- 37.5

4d0(ID)5p s 'Da 2 135745.9 0 155589. 5 -an 5

4W(P)5p Y ADO 155951 I 4d'($D)5p§ u 'D° 3 156576. 8
2

4d'('H)5p Y 'GO 4 154638. 8 1
4d(IF)5p w IGO 3 135159. 3 4dy('F)6s e 'F 5 169831.1

4 139049.1 2 1 4 170330.3 -499.2

5 141874.5 2825.1 3 171785.4 1455.1
2

4dT('D)5p z IpF 2 135518. -- 2270. 7 11 1 3 7 4 8 8 . 9 - 5 .1 137740. S 251. 4d'('F)6s e 'F 4 173635. 6

3
4d?(sD)5p y JFO 3 13356. 8 2

4d7(3D)5p Y 'PO 1 136782. 8 4d4 5(ID)5p Y'SF° 5
4 1938M1. 6 1937. 5

4d?(2H)5p y 'HO 5 186847. 4 3 195160. 0
2 196545.1 -1385.1

4d1('F)Sp z IF' 3 157160.6 1

4d4 (1F)5p w 'F* 2 138415. 5 2057. 8 ........ ...............
3 140473.3 IN&06 8
4 141980. 1 Pd xv('FW) Limit -.--. 2600

4d'(3F)Sp z 'D0  2 140663. 5

February 1957. P
Pdmi OfhnavuD T•.,MS*

Configuration
is 2s 2p' 3.' Observed Terms

3p MI 4 4's+

4d$ {aP aD a F a

as (na_5) np (n_5)

a,e 'F a 'Do a 'F` z 0GO
4bP(4F)nz b,# 'F $'DO z 'F* s 5G0

4d7('P)i ,p Y&5 i Po Y ApD°

"oG p 'F* 3 0O0 z 'H0

4d7(IG)nz b IG ' IF0  'lGo z 'H*

1Ab &P 2 Soo x SPO w8D°
4d7('P)nz (a 'P slag sAPO Y ID:

aSo'H y AG° Y 'H* ' sI4d7('H)nz a'IH y AGO IH° zA 'I

" a'D z 'Po z ID° z 'FO4d(D),= \ b AD Y Apo x 'Do pY IF

C c 'F 9 $DO w 'F w AG'OGo 1F z 'De z IF* x 'GO

4d7(3D)nz1 b 'D to Sp A uI'D*

4d$ 5#(6D)=• 'F0

*For predicted terms in the spectra of the RuA I ioelectronlo sequenoe ee Vol. In, Introduction.
'This entry denotes the higher of the two ID limit terms for this confguration.

0 S 0 0 0 0 0 0
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(OuI sequen•e; 29 aelerom) Z-46

Ground stat. 1i' 2.' 2VO 30 39P 3dw 4U'8.

4@ K I. P. volts

This spectrum has not been analyzed, but Edldn has observed the doublets due to the
transitions 4"-,p, 4-Sd, 4U-5J, and 4p-5, from Pd xvm to In xxx. In figure 3 of his paper
on the spectra of highly-ionized stoms, the lines are indicated on the photograph of vacuum
spark spectra of Pd observed from 40 A to 80 A.

By analogy with Cu i tC writer has assumed the ground state indicated above.

REFERENCE

B. Edin, Phsdes 18, No. 9, 549 (1947).

Mah 19i&L

Pd x

(Co i sequence; 27 electrons) Z=46

Ground state 1 20 2pP 38 3p' 3d' MDe

3d"D,, K I.P. volts

This spectrum has not been analyzed, but Edlin has observed three lines due to the transi-
tion 3p 3dD--3p' 3d"'P, in the region between 40 A and 80 A. In figure 4 of his paper on
the spectra of highly-ionized atoms, the observed wave numbers are plotted against atomic
number for this combination in the Co i-like spectra Pd xx to Sn xxiv. For Pd xx the wave
numbers are between 1500000 and 1800000 K.

REFERENCE

B. Man, Ph•,-- 18, No. 9, 4S (1947).

Maeh 19a.

0 0 0 0 0 * 0



SILVER

Ag I

47 electrons Z-47

Ground state 10'20 21p' 30'3 3d" 4'49 46 UP 50 %W

50 % 6110C0 K I. P. 7.674 volts

The early work on this spectrum by Blair and others has been revised and extended by
Shenstone. The analysis is from Shenstone's 1940 paper, supplemented by Rasmussen's
extension of the ,T, l'D, and sF series. For the terms common to the two papers, values of
the latter have been used in the present compilation. Shenstone's notation is given in column I
of the table.

About 190 lines have been classified in the range between 1507.37 A and 39951 A. The
doublet and quartet systems of terms are connected by observed intersystem combinations.

Shenstone has determined the limit from the IS series, by using an extended Ritz formula.
For 10 levels having as limit the 2D term in Ag zz, he has asigned the J-value of the limit, as
is indicated in the configuration column.

The following g-values have been determined from Zeeman observations of five Ag r lines
that appear as impurities on spectrograms measured at the National Bureau of Standards:

Dsig. Jr L5VO Oba. g

502S 0% 0.00 1.998

Sp IF- 0½ two. 06 0. 661 5 30479.71 1.330

61 28 0½ 42556. 15 1.995

5d sD 1• 48744.00 0.801

REFERENCES

A. G. 8henstone, Phym. Rev. $7, 694 (1940). (I P) (T) (C L)
X. Reamumen, Dot. KgL DNake Videnakab., Math-ty. Medd. (Copenhgen) 16 24 (1940). (T) (C L)
A. G. Shbtoe, Phys. Rev. 72, 1278 (L) (1947). (T1)
J. E. Maek, Rev. Mod. Phys. 33, No. 1, 64 (1950). (Summary Wem)
P. F. A. Klnkenberg, Rev. Mod. Phys. St. No, 2,68 (1962). (Summary hfs).
H. E, Waichli, A Tabe of Nutes Mouod Data, Oak Ridge Nat. Lab., ORNL-1469, Suppl. 11, 29 (1955).

(Summary hW)

• S O• 0 0 0 7



Autho" Comig. Dh g J" LAvel IntervaI Author Coni. Dlmig. J Lvel Interval

ft vu. 6 4d('ss)b so is 0%4 00 12 a, 406(48) 12a 12. IS 03 9674,5
*9sPO 41Oe(8)5p ap spe 1.0 0 ox I4Duim 4d'0(18)l4d Ild ID 1% 58761.15

475ING .4 804771 11ldDoi1 234 50751.51

30'Dju 40 Go W D 2%3 -4471. 90 12'D 44"S812d 12d D 1%,2 60007.0
W1%4714.1 Ag s (8so) Limit - 61 54

6ip Sp, 4•'08)6. 6. 28 034 "42856.1IIL
6@ %• 4 9" QB)6 6 38 .1p 'D ow 44' 5s.(D)5p 6p' DT 3 % 01778. 1
pSP4P 44'P('8)GP 6P '1 034 48597. 88 X& 9 e VDwJ 23 65181.6 -1349.1

6p Pm 134 4850.7 & Sp 'Dim 134 68580.7 -1045
5d I'I 4P4'Q8) 5 D 14 48744.6# bp D 0% 8076
ld &D," 234 487642 (k2 1 5ap IF*$ 4d 5.(sD)bp 5p' OF* 23 65988.7 2703.9

78e 50.)s 7 * Ojbat9 s5p OF 334 65687.6

7p Pa 4('OB)7p 4 80 17' 0%, 1S46598
7p 'P. 014 54040.1 8. 5p ID&ND 4d6 5(ID)Sp 5p' 3D 1 66840 632

6d Dd2p 'D 234 66975. 0
6 Dw 2D1% 10. 47 10 4d 'Ss.D)Sp 5p" ' 33 75884

4fd3 D, 4  0 M 4 f 8 2,34)654214.3.2
42oF 4d'oQ8)42, 20 4d@ 5o(D)Sp 5p" 'P 1 78470

8. '86 4i'(8)8 . '8 03 55581. 04

S6 5p :Pat 40' 5*('D)6p 5p' P 2 5 56 -2281.54 35 40' 5('D)5p 5p" 'D 2 78517
5asp 'P', 1% 5854.? _ 15 6, 'P•, 0--263587.

5.6s 'DW 44' 5s('D)6s 6s' 6D 33 79412.9 -751
8, sp,4 40608')8p Op IPO 03 6659.77 5s.6. 'D,, 23 80164S p P • 4s'( B ) 3 9 . 8 5 5 • 6 D -1 1 0 2

1p P 1 607 6. 'D, 13 81266 -2717
4&60.8)5 D 03 83982.8

:*'DI, 4" W5('D)6s 6s' OD 2% 82070 -2524

7d 2Du4 440O8)7d 7 $D 1% 569. 79 1Do 1-894694
517d 2G 2% 5 4' fDsm 44' S('D)6s 6." ID 2% 86484
5p IG 406(l8)Sq So 3G 3%4,4%450711. 1 134
98. 8,4 44d'sS)9. 9. 38 034 57425 11 4dG5s(sD)5 1 86896

Op 'POsp 1 0 80•57.1 2L 90 12u&,Wo 44' 5*($Da)5d 12 871220

8d 'DIM 4c'o('8)Sd 84 ID 13 58050.01 14oa 4 ' ('D,)5d 1 3 87122

84'D ,2 3.47 1421 4d5 803D.)S 1

4d'('S8)6f 6f 'F' 2%,3% 58055.56 15s4 4d$ S"('DOS4 15 33 87312.0

108• 8, 4d'0('8)10. 10. '8 04 5847&3 163 44 5a('DI)5d 16 8735& 6

Se Sp 'Fo6 40' 5e(%D)5p 5,' '2 43 8901.9 217 4o 5#(sD2)5d 17 3%? 88594
5s 5p F1% 314 8789.7 81.4
5.Sp'F,. 234 5951.1 8 18&4%
a& 5p 'F 13 61041.9 41120.8

4060S)10p 10p 'P0& 58 8514.5I 4do (3D2)7 19 8816

134 58849.8 15 67. 'D34  4d$ 5a($o)07# 7s' 4D 334 90366
234

9d 2D 4A"('8)9d 9d ID 13 58861246 134 i
9d•'D 234 58884.26 03

118 • 4d'0(38) I '8 034 913& 9920, 4d' 5.? 20 90612

10d 'Dm 44"(28)104 10d ID 13 5938& 97
10d SD234 591.75

February 1955.

* 0 0 0 0 0 0 6



so 
Ag iO ves iv. Tim s *

7W-aa Obseved Tems

was 6 ap(5 u(a a5) o~f (UaQ u(a 2 )

46"Mas). 5-12086 5-l0P q- 5-12dID 4-q'r- 5 'G

4A eIJ~ 6. 7. I'D W,'')" Sp' 4W bp' Wr
f6G' ID 5W IPO W $DO W ''

40 5eQD)tW" &If ID 5p"IPO 5p## 'DO p" 1'r

*For predicted terms of the AS isogsectromle uequence, see Vol. i, Introduotln.

Ag U

(Pd i sequence; 46 electrons) Z=47

Ground state 1laW 21' 23.' 39 3dw 40' 4p 4d"~ 'So

4dw %5.1723W K 1. P. 21.48 volts

More than 380 lines of Ag ni have been classified in the range from 728.73 A to 9052.69 A.
The terms are from the papers by Gilbert and by Rasmussen, who have extended the early
work of Shenstone, Blair, Duffendack and Thomson, Beals, and others.

Catalin and Rico have adjusted the value of the limit from a study of the spectra Sr ii
to Cd ux. Their value is quoted here. Gilbert has derived the ionization limit 173274.0 K
from the 4d' n# 'ID series (n&=6 to 8) by means of a Ritz formula. To quote, "of the 4dI w 34
series the 9Ds and ID2 series converge to the Wt IN,, state of Ag mn, and the 8D, and IDs series
converge to 40' 'Dus". From these two limit, he determines the interval of the ground term
MD of Ag mn as 4007 cm-1. In the table the J-values of the limits are indicated.

The pair,-coupling notation, introduced first in these Volumes for the inert gase to denote
the departure from LS-coupling, applies also to spectra of the Pd i sequence. In the text of
Pd i a small auxiliary table giving this notation, may be found.

The three-place #-values in the table are from unpublished Zeeman patterns of 37 lines
measured by W. F. Meggers, C. C. Liess, and C. J. Humnphreys at the National Bureau of
Standards. Thes Ag n lines appeared as impurities in various spectra, observed mostly at
the Massachusetts Institute of Technology. The weakest determinations are indicated by a
colon. Two-place entries are from the paper by Shenstone and Blair, who derived g-values
from unresolved Zeeman patterns of Ag ix from their formula for blended patterns.

Observed intersystem combinations connect the systems of terms of different multiplicities.
The ground term has been connected with the rest by Shenstone from White's observations of
three lines, subsequently confirmed by Menzies, as follows:

White Mende.
Desk.

A (vae) K A (va) K

1107.05 9033(t3 1107.01 90383.4 4dw'Se'-Sp IDt
mIII 46 esso& 9 x 1113 S69 8 UP %8-bp 'Pi

119& 87 USL I 1196.76 8362&18 4d'8.-bp'Pj
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A. 0. Mmh ao, Py.. Rh. M1. 817 (IN. (I 1) M(C Qu

L C. M•mhoii Pt. Ray. s.. (Limdi) IJA 33, IN (100. M') (C Q 0
A. L Mm asom ,ad R. A. Bhk, Pi.t Us&. I6 M (UM). (53)
R. A. Rik. Pth,. Raw. No 17S (190. (T) (C UJ
0. L Duffmdh MStd K. Thouns. Pht . Re,. 6, IM (1tu. (T) (C L)
W. P. G~bmf. ht,. Re,. 4. $67 (198 . (I P) M1) (C 1
L Rinmumm, KU!. Da. s. Vi•kl b. M 4fys N.MW . (Cqpmhsi) )% No. 6.10(1940). (T) (C L) (18)
M. A. (hialay F. .L R• , An. Red fis. W P 1ia y Qumk (M4ad,) (A) 46, 326 (198) and letter

(Deember 1986). (1 •)

AS U Ag n

Conf_8. DeiNg J Lovel Interval b __ j Cofig. DoiT. J Level intrval Obs

4d'4 40418 01O 40(OD,,06p O 'P* 2 180751.01 -211 3
13"37- 64 -3328. IS44'P(D,1 ,)5 5# ,D 3 39163. 9 -1577. 1 1.318 4dP(*Dujp 0 1805887. .so

2 40741. -- 2997.7 .119
4g(ID,,)o1 43738. 7 0. 488 4D('Duj5d 5i 1p 1 13075. 0 1.51

4d('Dlm)Ss 5. 'D 2 4045. 7 L 026 44P(',M)5d 5d '0 4 131510. 5 1. 065

4d('D,81)p 5p &p* 2 80175.500 -3 16 1464 4d&(DDt,)5d 5d 'D 2 131783. 9 1. 147
1 8 , s51 . 8 8 -- 2 4 .16

4d'('Do)5p 0 861M. 08 -2514.66 1.410 4#(IDW)5d 5d IF 3 132191.8 1.095

40(1'Da)p 5p IT' 4 SS65. 41 1497 85 1.249 4d0(2Dý.#6p 6p OF* 4 183455.60 411.97
4d8(5D16j)p 3 82187.686 -471 39 1. 059 3 185018. 63 -4501.38

2 W883. 96 0. 989 4cP('D,)6•6p 2 18614. 91

4d'('D,2,0p 5p ,D* 3 86466.54 1259. 93 1. 240 10 4 185684-4•
2 86196.61 -5134 13 0. 851

4dP(sDup 1 M90880. 74 0. 52 4d'(eD,s6p Op ID* 3 188017. 94 101. 65
2 185916.29 4305. 14

45D,4)p 5p IF* 3 89180.04 1.076 4ds(3DA)6p 1 18751. 43

4Ei.D1IM)p 5p Po 1 89891.40 1. 008 20 2 188187.81

4#('D1),5p 5p 'D 2 90888. 70 1.099 30 2 133689. 4

4d 50 5". 'F 4 9392860 --4029.61 40 3 134849.04
3 97957.81 _409
2 99601.90 -1644.09 4d('lDi,)5d 5d IS 0 134449.4

4d' 50 5.' IF 2 105258. 18 _-307.18 50 1 184796.04
1 108934. 34
0 60 2 135411.55

4dF .' UP'0 i8 0 109123. 59 4d0(Da½)6p Op 'o 1 I1868. 61

40F 50. 56 AD 2 110769.41 4#(2Dsj,)6p 6p IF* 3 18717. 68

4d0 50 56. ' 4 113598. 12 4d'($D,),)6p 6p ID* 2 187464. 10

4d'('RDa6s 6o AD 3 120529.45 -37708 1.293: 70 3 138883.8
2 120907. 13 -4215 25 1. 195:

4dP(sDMJO 1 12512138 0. 53 80 2 189257.8

4d@(2D 8.UJ6 68 AD 2 125400. 89 1. 11 90 2 140965. 8

4dP(IDAI)Sd 5d 88 1 125568. 9 1.84 4d'3('D,,)7# 7s 'D 3 144473.9
2 144619.0 -- 1

4d-('D,-)Sd 5d 'G 5 12660. 5 12.6 4d9('Du,)7a 1 149078. 4
4 126073.1 1.03

4fF'D,,,)5d 3 13124&. 3 -4573. 2 0. 75? 4dF('D,½)7s 7. ID 2 149179. 1

40('ID~)Sd 5d 'P 2 126760.2 3.5 1.334 4d'(ID2,,)8s 8. AD 3 155085. & 71 5
1 126763.7 0.90 2 155156.8 1-4534

"0 128528. 8 1765.1 4d@(*D,•)8 1 159690.8 _

4,1(D,,h)Sd Sd AD 3 127205. 0 1.288: 4d%(2D%)8s 88 AD 2 159738 8
2 127517.0 -3120 1. 006:

4dl($D,,½)5d 1 131500. 5 -3983.5 0.74

4d'(sDb)5d 5d 'F 4 127601.8 117.3 1.218: Agin(sD,.) Limit ------ 173300
3 127484.5 417.4 0.958

4dP(2Dt4)5d 2 132148. 9 -4664. 4 71 Ag Iix('D,%) Limit ----- 177862

March 1952.

0 0 0 0 0 S 0 S * 0
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Ag a Ommssoas Tm*sI

wa.Observed Terni

41 s ap WSo(40

as (%2:) OP (02:)

WDe~w 64198 AD IF
5-elI 54, Iape 5pDOa.'

ad (s 25)

4"MesU 18 5d OP lidD 5d F 3d 80
P 8 ds IP' ad sD ' ad 1 dO

Oter prediciad Ien -in &Me Vowseatm the Pd: zoImmetzonle bequake, we VOL tn. Intradisati.

AEW

(Rh. t sequience; 46 electrons) Z-47

Ground state W 22. I 31239 3d" 40 41PA '1)M

4d* Mw, 23M K 1. P.34.82 volts

The analysis is by Gilbert, who has observed the spectrum from 500 A to 3000 A, thereby
revising and greatly extending the earlier work by B. V. R. Rao. Gilbert has published, 267
classified lines between 709.80 A and 3013.81 A. The limit is from C*taln and Rico, who have
interpolated it by comparison of thod spectra from Y to In.

Observed intersystem, combinatioms connect the doublet and quartet systems of terms.

AMuRZNCuB
B. V. R. Roo, Free. Indian Aead. BeL. 2A,3S (1gS4. (I 1') M () CL)
W. P. Gffbist Phys. Rev. 44# U (15). (I P) (T) (C•L)
M. A. Cata.Mn y F. R. Rico, An. Regl Soc. Esp. Plda~c y Quimle. (Madrid) [A) U,.85 (1957). UI F)

"0"0 - 0 • 0 0,, 0 0 "



Ag M Ag M

C004s Duds. j LINy,! intrva C011941 Demig. j laval Inerval

40 40 91) S 0 -4M7 4De1)s, 5p 200 IN-W?

4D'Iag Is*1 44 407 234148p 5, it"

"76 -2asi 19550

1 ow -1206 40(SF)b, 5p' 'Pe ) 18#145 9
4,P(9)50 so w1 3 1501551 IS

2 7393 1-2247

4DP(sP)5e 58. 4p 2%4 76406 -1034D8p 5"' ) 181576 16
1)4 77413 10 IM3
0)4 79=26 -1913 4#t'D)bp 5,"I ap IS 1436

0&)@ 5."# ID 1)4 80131 2105414950
2%4 82281 21W4(D)bp 5p" 'DO 1)4 18685

4dP(SP)Be 50' SP 1)4 85182 2252)4 1578690

0%4 87477 22~ 4D'p)bp 5p' 'D* 0)
4dP11)4 U"1G5465051 123

3%4 88727 -128 32% 183676

4d'Q*F)5, Sp 'D* 3)4 1154105i(G5 pl H % IO
2%4 119148 -3731 31G8p 5"'' 44355

8)44 1-845 14
188408 49P('P)5p 5p' $DO 2%4 15554

44P(IF)5p 5p 0O6$ low* 150559SP so -7

1714#('P)5, 5, 1)4 140078 -30

501, -1317 1dQ)p 5" -1264

2% les= -164 0 145716

2)4')5 186905 -2877488 -2
3) 15895 22133

1)4 1550 -2577

February 1957.

Ag wi Omaeams Tnama*

I as 0 2jp 301Observed Terms

3p P40 4p$D

as(%2:5) ap (%;-5)

40$~x504F 5v 'DO 5p 'r6 Sp '0
85S F 5p 2D* 5p Fr 5p 2G

44'(sP)ae. w 4p 6p,'PO~ 5,' 4DO
(58,8p ar W 5,-b' $DO

44P'QD)*W" 5." $D 5,"e I' 5,"f $DO 5pf Wr

8.Q~&11U"' 20 5,"'f IF 5,"'l $He

*For predicted terim in the upectm of the Rh: i Woelectronic sequence, wee Vol. i, Introduction.



AS M

(0 sequence; 2 desokm) Z,-47

Ground date. 1.'20 2PS 0310 3d"W4#%

48 K I.P. volts
This spectrum has not been analysed, but Sd16n haa observed the doublets due to the

tranitions 4-4p, 4p--, 4d--f, and 4p-U, from Pd xvm to In xxi. In figure 3 of his paper
on the spectra of highly-ionized atoms, the lines are indicated on the photograph of vacuum
spark spectra of Ag observed from 40 A to 80 A.

By analogy with Cu z the writer ha assumed the ground state indicated above.

REFERENCE

B. Zdii, Phiim 18. No. 9, 549 (1947).

Mmrsh INSJ.

Agxxi

(Co x sequence; 27 electrons) Z=47

Ground state 12 20 2p 3#2 3p# 3d' 'Dog

3dI K I. P. volts

This spectrum has not been analyzed, but Edl6n has observed three lines due to the transi-
tion 3p'93dPD-3p'3d'02Po, in the region between 40 A and 8o A. In figure 4 of hispaperon
the spectra of highly-ionized atoms, the observed wave numbers are plotted against atomic
number for this combination in the Co x-like spectra Pd xx to Sn xxiv. For Ag xxi the
wave number are between 1500000 and 1900000 K.

REFERENCE
B. Edin, Phyu I& 18, No. 9, 54 (1947).

lmars 1913.

0 0 0 0 0 0 * 0
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CADMIUM

Cdi

48 electrones Z--48

Ground state 1.'2eX2pW3*3p9 d 4044daW• S.

W '8. 7253&8 K 1. P. 8.991 volta

More than 200 lines in the spectrum have been classified. The observations extend from
682.85 A to nearly 39087 A, but the existing lists of wavelengths are not homogeneous. The
accuracy of the present data could be greatly improved with modern observations, particularly
in the infrared.

The early analysis was by Paschen and Gotze and by Fowler, who found the leading series.
The limit, and most of the terms in the table are from Fowler's Report. Ruark added the
terms: 12 to 1s5 IS; 15, 168.S; 9 to 11, 13 to 15d'D; 17 to 19d&D, and 5p'P. Shenstone
and Pittenger revised the values of the terms 7 to 12d ID. Beutier observed in absorption 0
26 lines between 682 A and 1022 A, which he classifiee as transitions from the ground term
to terms above the ionization limit having the configurations 4d 50(I)u)np and 4dD 5W(D)nf.
The J-values of the limit term in Cd n, ID, are from this paper. For these levels the values
of the observed wave numbers are entered in the table. For triplet terms only the compo-
nent with J=1 is indicated, since only the combinations with the ground term (J-0) are
to be expected.

Observed intersystem combinations connect the singlet and triplet systems of terms.
The entries in the table given to more than one decimal are from interferometer measure-

ments of 18 lines, of which 14 are from the paper by Meggers and Burns, 3 from Hetzler,
Borema-, and Burns, and I from Ignatieff. The level W1 'P, is from Garton and Rajaratnam,
who have observed wide diffuse features at 2212 A and 2270 A which they designate as com-
binations of this level with 5p TO, and 5V 8P", respectively.

Observations of forbidden transitions and of hyperfine structure are discussed in numerous
papers. The Paschen-Back effect of the three lines at 4678 A, 4799 A, and 5085 A, 5p P-O-68a 1S,
are described in detail by Sat6. Green and Gray give a similar report for six lines between
3403 A and 3614 A, pq"2--5d9D.

Cd I occupies a unique position among spectra in that it furnishes the primary standard
of wavelength. The line 6438.4696 A, 5p 'lP?--5d 'D, is the fundamental wavelength on which
all other standards are based. The specifications for the production of this primary standard
are defined in the 1925 report of Commission 14 of the International Astronomical Union-the
Commision on Standards of Wave-Length. The summary of the directly measured wave-
lengths "of the Cadmium Red Line in terms of the International Metre (1 A.= 1iX 10-` m)" is
published in the 1950 report of this Commission.

•0 0 0O• 0 6 *
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Cd I-ý

REZIERNCES

A. Ignsd, nn. der Pby. (4) 4k, 1117 (1914). 1
W. F. MqW &W K. Burns, 51 . Bur. Sd.1 185, No. "I (I2).
F. Posmban und R. O6ts., &r sn der Liiw n p. 110 (Julius Springer, Berlin, 192). (T) (C L)
A. Fowler, Repor os &. is Li..n 8pems, p. 142 (Fleetway Pre, London, 1922). (I P) (T) (C L)
Trans. Intern. Astron. Union 29 40 (1928).
A. K. Ruark, J. Opt. Som. Am. 11, 199 (192). (T) (C L)
H. Beutlar, Zet. Phto. 7, 19 (1933). (T) (C L)
J. B. Green and D. K. Gray, Phys. Rev. 41, 273 (1933). (Z E)
C. W. HRatler, R. W. Boreman, and K. Burns, Phys. Rev. 48, 656 (1935).

S8St6, c. iepurt Toboku Univ. (Senda) (11 35, 686 (1936). (Z E)
A. G. Shenstone and J. T. Pittenger, J. Opt. Soe. Am. 3, 220 (1949). (T)
Tranm. Intern. Astron. Union 7, 146 (1950).
P. F. A. Klinkenberg, Rev. Mod. Phys. 34, No. 2, 63 (1962). (Summary his)
H. K. Walohli, A Tab, of Nuclw Momma Dag&, Oak Ridge Nat. Lab. ORNL-1469, SuppL II, 29 (1955).

(Summary his)
W. R. S. Garton and A. Rajarstnam, Proc. Phys. Soc. (London) [A] 68, 1107 (1955). (T) (C L)

Cdx Cdi

Config. Desig. J Level Interval Conft. Desig. J Level Interval

4d W 5so IS 0 0L 0 4dw 5.(38)7p 7p 'P0  1 65494. B

4d0 5('S)Sp 5p 8P. 0 10114. 017 541 113 4d- 5s(2S)4f 4f IFO 2,3, 4 65581. 7
1 S0M. 130 1170L 866
2 318M. 996 m4d 5s(S)8# 8, '8 1 666080920

4d WIMP5(S)p 5p 'P 1 4,600.474 4d- 5s(2S)8& 8. IS 0 66904.7

4dw 5&('8)6 6. 1S 1 51484.013 4dw 5#('S)8p 8p TpO 0 7819.8 15
1 67841.1 33.

4d" 5a(S)6. 6s IS 0 53310.16 2 67875.5

4d0 5.('S)Ap 6p 'P 0 $890. 9 70. 7 4d- 5#('8)7d 7d ID 2 67837.11 $8461. 8 174.1I2 58481. 7 4141 4 #('S)7d 7d 'D I 67990. 1 2.8

4 d- 5s('6)Sd 5d ID 2 59219. 824 2 67992.97

4d" 5s(S)Sd 5d 2D 2 59489. M 12. 102 4dw 5.(S)Sp 8p 'Po I 8065. 4
2 59497. 095 122
a4d 5#('8)5f 5f IF- 2,3,4 68098.l7

4d'S5.('S)6p Op 'p• 1 599056.
S1.4d f 8)9s 98 IS 1 68681 2

4d 58(38)7# 7. 8S 1 62563. 461

4d5's)WOW 7. IS 0 63067 4dw 5#(SS)9s 98 's 0 68799. 6

4d4 5.('S)7p 7p IP1 0 6495. 9 2. 4d"5('S)Sd 8d ID 2 692915
1 $ML. 71.5 40 U('S)9p 9p OPo 0 69814.5

1 689O1.4 I& 8
4d' 5s('S)6d 6d ID 2 65134. 871 2 69340.5

4d3-5('S)6d Ud 9D 1 65353.5 5.8 ,d5(S)Sd S 'D 1 69400.52 6UM 3. & 0 SM
a 65867.257 3 69405. 5

2 658593 •o 2 6901
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Cd V-4CMmd~ Cd I-CmIdaum

CokDed& i Level inteval C-A&l Daig. J LWd intleval

491 60(')op 9p Spe I 68455. 7 4d" &(Io) 164 16d &D 1, 2, 3 71972. 1

44w BASSB) 10 .io s 1 69M039 4d- 6(is)1l74 174 ID 1,2,3 720M&.7

44 50(16) lot 10. to 0 Go8711u 4d50(ts)18d 164 8D 1.2,3 7210& 2

UPS fi('S)94 94 ID 2 70175. 9 uss 58(18)194 194 ID 1,2,3 72165. 7

44W ups') lop l~p IPr 0, 1,2 70907.5S Cd U('8., Limtit ---- 72531 &

44" Ba(l8)gd 94 SD 1 70244.2 L 3 4"isBP 5pa SP 0 739912 749.2
2 70245.6 5 L6 1 445 1115
3 70247. 1 2 7586

44" UPS') 10P lop 'ro 1 70961.6 4d' V.(6D,x)5p 5p " 1pa 1 97800

440 5s(08) I I 11. Is I 7080L 2 4d' Sa'('D,m)5p Sp"p sP 1 108450

44d"5('8)1 I Is 11 8 0 70543.2 4d95.'(ODN)5p 5p"#DO 1 104851

4d" 5#08) 104 10d JD 2 70741.9 4d' 5a'('D,,,)6p p,1 I?* 1 1S7484

4410 5a(28) 104 10d ID 1 7078& 3 OL 7 4d' 5'(3DI)6p 6p" 0 pa 1 189698
2 70789.0 L1
3 70790. 1 4d1' 50.'(Dm)Op uP"f Sf 1 1=844

445'o58(28)l1lp UPip*' 1 70800.0 40 5.I('Dno~7p 7pot PQ 1 134196

410 5a(IS) 12. 12s 88 1 70961 0 44' 50.'(DW,4f? 4f' $P*? 1 185097

4410 rmC'S) 12. 12. IS 0 70992. 1 44' 5.'C'Dtjt)p SP" S1p@ 1 187057

441' 5s('8)11 1 Id ll D 2 71119. 5 4d' 5'(SDW~9p 9p,1 IPO 1 188514

4ls6 5o(2S)1 2p 12p 'P* 1 71167.9 4d' 5O'QDWH6fl 6f4 8PO? 1 138679
4d4*5aM(')1I1d Ild ID 1 4e 5.(SDns)1p 10p" IP 1 189417

2 71159.6 L10 '1CD1 4 7 7p"' 195
3 71160.6 4d' 0RII7 7p1 395

440 5#(28) 13. 13a $8 1 71281. 8 4d$ 50'CDW Illp lip" 1P* 1 189987

4d"0 Ss(SS) 13. 13. IS 0 71299.0 4d' Sa'C'Dnjs12p 12p" IF' 1 140410

441' 5s(98) 12d 12d ID 1 44' 5.I(SDzj)3p? 13p" 'P*? 1 14065
2 71424. 1 09
3 71425. 0 4UP 5.I(I~u4f? 4j" IPO 4

4410 5a(IS) 14. 14. IS 1 71515. 6 4d8 5#3(sDW~Jp 8p" 1 PO 1 145613

441' 5&C'S) 14. 14o IS 0 7152&. 0 40' 50($Duj~fl Bil' 11W? 1 148908

4438 5s($S) 13d 134 ID 2 71590. 3 44' 5.'('Du)9p Up" I Ap 1 144184

441f 0 5') 134 13d ID 1, 2, 3 7181M 5 4d' 50'C'D 5,s)6f 6i" IPT 1 144581

441' 5sC'8)15s 15. as 1 71689.6 40' 5.'(RD5 )10p lOp" $F- 1 145084

4dt$ SsC'S) 15. 15. is 0 71692.4 40' 5.'C'D107f? 7f' 21W? 1 145814

4d4* s(IS) 14d 144 ID 2 7174& 9 4c4'5.($Do)11p llp" $1W 1 145608

441 5s('S) 144 144 ID 1, 2, 3 71767. 2 40' 6S(2D,M) 12p 12p" TOW 1 105993

4410 5.C'8) 16. 160 's 1 7181M 6 44' 5.'($Dx 4) 13p 13p" TOW 1 148581

441' 5.C'8) 154 15d ID 2 71869. 2 4W 5aI(2IHa)14p 14p" '1W 1 146446

4d- 5#(sS) 15d 15d ID 1,2,31 71880.7

Augaut 1965



Ods Ows~amu Txaua*

dObserved Terms

4d" so sea'

4d"Wp I,"

(as 6) (p(asu5) ad ("5) RI(S>Q

4d-- 50(18)w- 6.-1'S 5-l0P *P 5-19d D 4, 'Dr
6-158 '8 5-12p 'po 5-11,12-I5d ID

40 .''D)s," 5-14P" $P0 5-,p" MD 4, ,F',P?
5-13p" TOe 4-7T' TOe?

VFor predicted terms in the spectra of tbh Cd i Ioelectronle sequence, see Vol. m, Introduction.

Cd 0

(Ag: sequence; 47 electrons) Z=48

Ground state 10 28 2p' 3. 3p' 3W° 4' 4P9 4di 5s,.

5. %S , 136374.74 K I. P. 16.904 volts

The analysis is from the paper by Shenstone and Pittenger, who have revised and extended
the earlier work by Taksh and by von Salis. In the range from 761 A to 8066 A there are
256 clasified lines. Shenstone's notation is given in the first column of the table. He has
redetermined the limit from the 3S and 3D series; and stresses the irregularity of both the 2Po

and I7 series, as war pointed out by von Sabis.
Observed intersyutem combinations connect the doublet and quartet systems of terms.

The combination 4f' F°-5- I( has recently been observed by C. H. Corliss and R. J. Murphy
at 9670.84 A and 9658.75 A. These observations furnish the value of 5g 'G in the table, and
fit well into the ig 'G series (4=6 to 11) reported earlier.

RZFERUNOFE

C. v. Salk, Ann. der Pi (4. 141, IN (1924). (I P) (TM (C L)
Y. Takahasi Ann. der Phys. [51SO, 27 (1929). (I F) (T) (C L)
A. 0. Sasmtoas and J. T. Mseager, J. OL Sme. Am., SO220(1949). (I P) (M) (CL)
J. IL Mask, Rev. Mod. Phya. 22, 64 (1950). (Summary his)
C. H. Coris and I.L Murphy, unpubMs matea (MNarch 195). (M) (CL)

0 0 0 0 0 •• 0 0



Cd u Cd u

Author Cooflg. Duals J laval interval Author Config. Deuig. J Level interval

509%q 4d09()6 Go I8 0% 0.00 10% 08 4d4U()10s 10. i8 0% 127152.89

3pS 'w8d()5p 5p sp 41M 0 2481L47 7fFb 4dw(S~)7f 2fW % 1070495.0P
sp 'PIN 1 4"J 56 7f 'Flog3% 102854. 049 3.9

S,6 4d' 50, 50. ID 2% 6925S.'91 -53..T 7 7g' 4d"'18)7# 7# , 3 1239 , 6

D~j1) 74893. 66 4%}i796
5S % 4d-Q8)61 6s '8 0K4 82990. 66 9d 'Doi 4d"(18)9d 9d D 1% 127697.43

9d' D,, 2% 127712.18 14.5
5d' D• 4dN(Q8)Sd 3id 'D 1½4 89618. 12 5 4.

6dDa% 2% 89843.78 1Op55Pt 4d'('8)10p lOp $1- 1% 1W7996.75 -79.6lop 'P., 0% 128076.58
Op 'P~m 4d"OQS)op Op 'F' 0 94710. 41 673& 22 lo Psi4 0d .DS p F % 159897.3 5 7.

P SP N O& W es V8 :/ F bj U S 5 ( ,D ) 5p 5p" 2F ° 3 % JJ918#. 6 _ - 2528. 7P 714 yFb, 2%, 151718.5 -22.

a 'Pik~ 4aP 6@(8D)5p 5p' 'P* 2~ 106189.50 _ 351.66 Va '834 2d(8)1 i.' % 123471805
M 00440L 88 -- 2751 64 lir 58 4^1(8)l lIIla 28 0% 12934. 05

y 1PI), 4d'USa(D)5p 5p" 3Po 1% 159344.86

7#%, 4d'*('8)7# 7s '8 0% 107300. 88 0%

4f :fti 4d*sQ8)4f 4f I' 2% 108419-.47 11,6 S, 'WI 4dw-S)8, 8f "F K 2% 1S9419.-8 267.22
4f %Fjý 3% 106455.45 8/ 3Fbi 3% 159686.60

U4d S(ID)Sp 5p' IF* 4% 810sG 4d'('8)8g 8 'G 3% }129502.43
•Fix3% 109756.85 431.29 4%
s s2% 110168.11 -2617.08

S4•M 1,% 115785.19 10d2D178 4d%4^8)lod 10d 3D 1% 129708. 80 10.1610d 3]D,, 2% 129718. 66 1.1

Gd :'D 4d(18)6d 6d 2D 1% 110174. 10 7& 50 2 9

Od Dim 2 110247.60 ll Sp'P° 4d'('S)llp lip Po 0 129956.5 260.3

7p ,P 4d*('8)7p 7p ,P* 0% 11 529.561.06

7p'PU ?) 115490.59 i2 128 4d(8) 12a 12s IS 0% 130835.36

a'Dbk 4dl 5#('D)5p 5p' #DO 3 114795.91? is3. 39 9f '_b, 4dcP('8)9f 91 '' 2% 10878.61 47.21
SDj 2 114945.0 137& 41 9f'Fi% 3) 180"85.85 4

BtI 118M.171 -- 1763. 4

01 117g. 79 -1 8 9gV G 4d*(,S)gg 9g 'G % }130946.09

'FIN 44' 5o('D)Sp 5p' 's 2 11648. 70 241a 49 1

39 11957& 10 lid _DIM 4d('S8)Ild lid ID 1 13109 90 7.24

o 26 4d QS) 82 '8 0)4 118D g 131100.14

12p IN 4dw8) 12p 12 p 31" 0% 131m1. 1
6f Fb6121 1=45.7

13. '81 4dI(SS) 1S. 1.I '8 0% 131899. 07
""'.48, 1 " I }1187" 95 lv : 4,lL. IA f 1 0f 1 21, 37 , 1515•5.75?

s'pI, 4d' 5#('D)5p 5V' 8P' 1)4 1190M.11 -278 0_N2 3M.8? -

P 0% 119M.9 28. 8 lO 'G 4d^(18) lOg 10g 3 3 }131978. 47

7U -Dt 4d-(NS)7d 7d ID 1% 11952 72 434

2% 119561.99 12d'Du, 4d"(8)12d 12 tD 1% 108.77 41

:I UP5sDB 5p D 1%10Mit12d 'Dj,, 2)4 1320011 IS 4• 'D?, 44'.('D)Sp 5p' 'D* 1)4 1510/8.551 1146.42
'Dik 2)4 151281. 64 1%4d(S)13p 13p 1p*

SpSPIN 4d(I8)Sp S po F' IWO 0%18 91L72 138%i ~ 152270.91?

p 'PP 1 120711.018.8f2

9. 8,, 4d-('8)9e 9s '8 0% 123751.48 1 if 11, 'F 2.

6f WIN 443(IS)6/ 1,ll 2G 43('8')llg I IG ' 3 ,l}r3274126

13d DTu 4d'('S)13d 13d 2D % 1328 25 4.804
6p 0 4d('8)8, 6p '0 3~}2112 13d Dj 2% 132328. 29

U *DIM 4I,•3(3)8 84 'D 1• 1246M1880 21 I 144 4d"('8)14 144 'D 2 0§ 1338M9.76
O3 3Dm,2 126 50

A S _1 , 4 ,( ,8 ) 9 p O , p e I w o & o6 8 1 . 4 3 0i) 1 5 5 5 5 8 . 0 6. .

" "I I I I 1% 16*4-.49 1.48 Cd() Limit --_ 18374.174
Meach 1963.
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1 30Obmv~d TamS

4dU('BM 6-1863 6-i~ 13P 5-14dID 4-11f'F 6-11plG

t ap5,' P* bp"DO Sp' IF*

44P S.(D)nus" 5P sap WIp F@

*Fw pdid 1 lbs dosa edr dgo Ag i bosesekenk se.quee, w Vol. m, laftodueim.

Cd M

(Pd 1 sequence; 46 electrons) Z=48

Ground state 1.' 2.0 29O303 pP3P 40' 49 4d' 18

4du 1%. NUn K I. P. 37.47 volts

The analysis is by Shenstone and Pittenger, who have extended the early work by Gibbs and0
White and by McLennan, ModAy, and Crawford, ase well as that by Masumder. The number
of clasified line. now totals 138; and the observations extend from 677 A to 3035 A. Inter-
"sytem combinations connecting the singlet and triplet systems of terms, have been observed.

Mack has noted that the sequence Pd i-Sn v shows a gradual tranition from LS- to
js-coupling for levels from the O#. and d' p configurations. In Cd in Shenstone indicates the
J-value of the limit for levels from the d' s and 0'd configurations, as is done in .1-coupling.
In the text for Pdi the writer has indluded a table giving the JL-coupling notation for the related
pairs of levels in the form of notation suggested by Racak.

The limit from the 4d' %8series (4i-5, 6) in304690. From the e-electron series inCd i
and Cd ii Shenstone predicted "a reasonable value for the Ritz correction in the Cd mn series,"
and thus obtained amore reliable determination of the limit than that derived from a Rydberg
series of only two members. The quoted value is from Catal~n and Rico who have derived it
by comparison of the third spectra from Y to In.

RZFm3NCB

L.3 & Us* Phys. Rav. 94. 17 (1919.
A. G. Obenown. and L. T. Pi~ttenr, J. Opt. Sm. Am. W9,221 (19490. (1 P) (T) (C Q.
Mf. A. Cataliday F. R. Rico, An. Real Smc. Esp. Flu..s y Quimica (Madrid) [A) 953,(1957). (I P)
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cd. Cdlm

cft.6 . D11114. Ji Level Izaterral OCeg. Deelg. J Level Intewal

411 4111 0 0.0 4d(D.)5d Sd 'U 1 202981

2 8on" - 2 20442 1
41dDujg) 1 smui a 4-UKDne 1 21020.2 5 -3114

4dPDutj)s 5. ID 2 8o671. 4d(UDWOd6dsi s3 5 20511 . 4?
4 20696. 7 -3? a

4&2D)Sp si mpg 12S1M. 8 -441. 1 4a°('DIWiJd 8 210637. 5
1 18174.40 8 -U 4 4d#('DM)d 1 'P F 2 20807. 0

1
4dfPD)5p Sp IF* 4 18 " 01.5 216 9 0

2 •1458t754. - ,W(d,6d 6d ID 8 206067.7
2 206804.3 -71, 6

4d"D)Op 5p 'D" 3 1466. 24614 4d'D8J )d 1 212041.8 -5246. 5
2 14 t 4 --71 6 .4

17495 984 4 &jap 206967.81 1470 "4 8 ,wj•Z• d Ud IF 4 367.7.
3 206610 8 357.5

4d(ID)Sp ip ape 1 14078. 1 4dVDug)aUJ 2 211924.8 -8314.5

4d#(D)5p 5p IF* 3 146000.8 41ODu,)Sd 5d IP 1 210147. 1

4dWD)Sp 5p &DO 2 14546l. 8 4dP(VDtak6 6 ID 2 210588. 0

4d. 'W IF 4 157.4 4d(DajJUd 5d 3G 4 21151M53 1ISO"4 a -- 8071. 9

2 185798.& - 1704.L 4d'(Do&Jr 5d ID 2 212625. 0

4410 341 w p 2 1917061 4861.4 4d(DunJ 5d IF 3 212708 2
1 1 0 7 -149.6
0 196282 4 --184.5 4do 5so Is 0 213107.7

4d9P' weW ID 2 196431.0 .

4d 541 5.' '0 4 1200962.8 Cd rv(sI)s, Linit ..... 302300

February 1957.

Cd m Ouazzvy Tnm,

Coml•gurmtion Observed Terms
1112 2p@ p.3mPV30 40' 4p*+

4dw 443S58

MI5 Wi 50e IF 50 ID 6 F WI4iS.' 'B 5.SD 5.' 'G

a (,p5) (M (i)

4dTD)*z 5, 6@ ID 5p IF' 5p 'D" 5p 'IF

5 •6 'D 5p Spo Sp 'D" 5p IF*

4ide(D)nx 5d' 8 U IP 5d 8D 6d IF 3d AG
5d Ip U 'D 5d 'F 5d IG

"Vor predihed tem. In the speotm of the Pd t boelhetronle sequence, ms Vol. m, Introduction,

S 0 0 • 0 0 * 0



Cd IT

(Rh i sequence; 45 electrons) Z-s48

Ground state 10. 2. 2p 3W 39O 3dw 4.0 49 4d* ,2'D

4d 'I* K I. P. volts

The uzslyv in from Green, who has clasifed 185 lines between 489.49 A and 1929.70 A.
Obsered intemsystem combinations connect the doublet and quartet systems of terms. No
mwis ae known in Cd iv.

REFERENCE

M. e., Phy. Rev. 1 117 (1941). (T) (C L)

Cd IT Cd iv

0084 De. J Levl Interal Conkc. Dumg. j Level Interval

S, ss -512 4d(P) 5 P 0 1404 1007

441(11)Bs 5. 4F 4% loo -3060 4'D5 "'r 234 19195 234
33o111734 

2

21 114768 -1367 32" 194567
1 1161254dD)Sp 5_" 36 03 1941 3

44S(F)a' 5a IF 33 118333 134QD4,n 5p 19 330
234 120567

440)5. W.,' ' 434 13380 4d$('D)Sp 5p" $DO 23 19595 -
3% 134010 -150 134 196485?

44F)5p 5 D7P)Sp 5p# $DO 0 1w0 1850
29 U -4 loo 118

Im -3616 83lo -80
(4 185s94 -1996 197608

4dfpF)bp 5p 4G- 53 179175 53(Gb 5..'0 4 Isom 473
44 17*10 380a6Sl#

172M7*6 -1437 1§ 18"M -1218180818 S00749

W(F5 p 34 ý$ -1301 4d@(BP)gp 5p' sPO 134 56197 _

33 l8WS 03 -46409137 lom -3334-, K W408
234 184101

134 185176 4131 4c(Pps, he. 0% Room

448(SP)5p 5p 2D 2 184,,01 -2912 44QG)6p SI""F 3 R -130o

44('15p 5p IM 43 JUWAl(P5 p,4- 1% $40334 17•4 -3781 4d('P)5p 5' 4" 134 274814

44'(1F)5p Sp WO 33 187169 -1123
234 188*16

Fabnwy 196&

0 0 0 0 0 0 0 0 *

-- - , - - . -. - . , - -



Cd tv Ovessyu T"uau*

WO M OiburwK Term

"TzE. W r

s • 64+'D '

4dCD)u." lip" 'r lip" 'D° 5i" 'r°
4dSC)u,'" 5I" '0 a,"'" r 51O IW"of

*lir iprdieted term. in the seqeots ot the Rhiboux e • i siuee, me Vat. m, Introduetion.

Cdii

(Cu : sequene; 29 eectron) Z,=4G

Groundatat , s• •,a s•'3 '4.'S.

4'•S, K I.P. volt.

This spectrum has not been analysed, but Edlhn has observed the doublets due to the
transtions 4 .-5p, 4p-5d, 4d-5f, and 4p-5, from Pd xvxu to In xxi. In figu~re 3 of his paper
on the spectra of highy-ionised atoms, the lines are indicated on the photograph of vacuuu
spark spectra of Cd observed from 40 A to 80 A.

By analogy with Cu z the writer haes asumned the ground state indicated above.

REFERENCE
L dm 3. Na. 9,549D(1W?).

MmF 19e 0

Cdxx.

(Co x sequence; 27 electrons) Z-48

Ground state 14e 2. 293 3' 3 W 3 T4

4&% K 1. P. volts

This spectrum has not been analysed, but Ed1I has observed two lines due to the t -
tions3 p'D-- ,P 4d -, in the regionrbetwem 40 A andt 0 A. In figure 34 of his paper
on the spectra of highly-ionised atoms, the oliesved wave numbeds ate plotted agast vatomic

uamber for this combinatiom in the Co 8-like spectra Pd xx to Sn xxAv. For Cd xu the
wave numbers are beCtwee 1600000 K and th00000 K.

REFERENCE

R1No. 9, 548 (1947).

Grun stt 0 20 0 00 31 UP 1"
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INDIUM

h ia1

49 electrons Z-49

Sp I',* ~ J8u K 1. P. 5.785 volta

Approximately 145 Ini lines in the interval 1169 A to 12912 A have been classified. The
most extensive term list is given in Pauchen'. 1938 pape, which includes the 5W 4P term,
reported by Sawyer snd Lang and by Lansing, evaluated from measurements of hyperfine-
structure components.

Pasehen's level called "A", which he designates as part of the 6.' OP term, has been included
in the table with the writer's tentative assignment of J-2%.

* Edldn has pointed out that the term for which Paschen (1938) suggested the designation
5. W, ID "must be 4f 'F0 , as it was originally identified in earlier papers".

The terms 5f 'F0 and 6f TO0 have been added from infrared observations by Meggers and
Murphy in the interval 6847 A to 12912 A. Their paper contains an excellent summary of
the work on this spectrum. The term 5,3 'P has been published by Garton and also by Clear-
man; and the terms W 38S, 6p' 'S are given in Gorton's 1950 paper. The writer has received
from Garton in advance of publication his manuscript giving revised values of these terms, and
elmothe series terms np' 3S (* 7, 8),n.s8 8(a-=16to 24), and nd 2D (n= 16 to30). He has
observed the new series members in absorption, and from the IS series derives the limit 40670.5
:E0.7 K.

Brackets in the table denote estimated values extrapolated from the series. Paschen's
value of the limit, based on well-observed series, is quoted in the table. He derived it from
an empirical formula of the Hicks type.

Observed intersystem combinations connect the quartet terms with the doublets.

REFERENCES

R. A. Sa~wy and R. J. Lang, Phys. Bay. K~ 719 (192). M1 (C L)
W. D. Larudng Phys. Rev. 34, We (112). (C L)
J. Okubo and S. Sat6, Reporta Tohoku Imp. Univ. (Sendai) [I1I Prof. K. Honda Anniveusry Vol. p.S8 (1938).

(Z E) (his)
F. 1meb.., Ann. dir Phys. (5183,i 148 (1988. (I P) (T) (C L) (hfu)
W. R. & Clairton, Nature MS 150, 1960; Froe. Phy.. Sme. London (Al 96C50 (1951). (T) (C L)
H. K. Clsown, J. Opt. Soo. An. 4%3, 74 (1952). (T) (C L)
W. F. Magge s and R. J. Murphy, J. Rusareb Nat. Bar. Std. 46, 334, RP 2320 (1952). (1 P) (T) (C L)
P. F. A. KIJdksbwg, Rev. Mod. Phys. 3, No. 2, 63 (1952). (Summary hfs)
W. R. S. Clartio., Pros. Phys. Soo. London JAI $7,964 (1954). (1 P) (T (C L)
H. 3L WaNAM A TaM. of Nudhea Momuma Dais, Oak Ridge Nat. Lab., ORNL,-1460, Suppl. If, 29 (1955).

D. Edldn, letter (February 1I56). (T)
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6.(O)&P sp or at 4 23115 &#1(*)lid lid ID 1%4 45311.561
1I 9919. M 2%4 4522106

5.36)6 6. 4s 034 243717 Sh'(1691 of OF 'rmt8

~ i s .(16)13. 12. ID 4130go 13

W(5. 1)" Ad ID 13 3206112 A.(8)2 80'I 213 45 M 4859
234 3391L. 2 4500

be wp 5ip um. 1041 14 5.1)(1619 191 or 33 456"a5 0.1
374m1.o 1431. 10 23% 45W4.04 -Li
215.1 0 (I8)14. 14. 48 034 4563044

5.11)7. 7o to 034 363 016
504)p T pe 0 S I o 111. 49 5(Q8)13d lid ID 134 45702.02 9

14 S08)7p84 2 430M. 02.0

5.Q()64 6d 2D 1I 300A48 46 .8 51(8)1I1i lif Or 2§ 4575.6.0 0
234 3900& 37 331457565 0.

5i#(18)4f 41 op 23 so . 0.67 w(16)15. 15. so 0% 4560186

3.(86 .4 03 4006371 5.3(18)144 144 ID 13 4565330 802

WNBA6)P sp Or 03 41887.10 st 5.1(1M12f 12f Or 23
14 42581.44 3 60

5.(s6)74 74 ID 134 41633 23 25 94 5.(18)166 16. so 0% 45041.9

234)I 4161.5 ID 13 45M612
5.(1)S/ 4f $r 2%4.334 ismo 0.() 234 4598169 4-

5.1(8)9 9. ie 034 4271L356 5.1(16)17. 17a 48 034 46047.4

5.3(1)84 8d D 134 8 03 1&899 5.(I8)164 164 ID 13 460716

8.1(')OP 9p,'r 04 45N9.W Of 30..(18)186 18. Is 034 4131 6

5.3(8)174 174 ID 1I 65
.(0)0/ Of 87" 2%3% 334 4558441.4

5.(18)10. 10. so 034 438606 8W(5.11)190 19. is 034 46200.0

5.(18)94 94 SD 1I 43.6 11 5.(*)16 18d IN D 14 4621%9
234 4"42249. 26 &1 1

5.318)lop lop sPe 04 44975.17 W.('6)20 20w So 0%4 4625 6
134 44596.18 1&696 5.(16)194 19d ID I~ 421

5.'(471 711J4 3§ 44401.- 0
34 44400. W 0. 06 5.(IM1821 21.128 034 46302.1

WORMS)1 11S to 034 4469L 86 5.1(8)204 20d ID 134 463110

5.1(4)104 10d 2D 34 48 0 122 34 431

S.(8)l lp 1P~ 4 I448W. 1 561 W.18)22# 21@ 20D 0 463517

5.1ll l O (45)2. 231d 034 46372.9

29 44M8.71.6(4)22W 224 D I 6
5.1(6)12 12. me ON 4506. 192



COMS& DhhIg. j LAvel Interval Config. Deug. J Level intvl

W(1S)24o 24. as 0ON 444016 Se'QS)86 30d ID 134 465& 5

Se'CS)23 24 ID 134 46410L 6

51(1)24if 244 ID 14 46434.5 In "MS. Limit----------EUU.#9

Ie(')254 284 'D 14 46455.2 W0
234 5epp Sjmp 0 05

60652
5.M1)264 26d ID 134 46471 5

234a 5. p(sP*)G 6.' 4PO 0%
I3

W.('S)274 27d sD 134 46488 1 23 688#l. 7
2%4

5.'(')284 28d sD 134 4650L 7beaS*) 6f2 0% 7"
234 5d Sp('P*)7p 7p'* 2 03 84651

5.3(')2Ud 29d SD 14 46514.2 58 belr)Sp Sp S8 034 87700

February 1968.

In i Oaneama Tzaw&O

Confgrton
lo 1.20 2pl 5' 3pO 3d- 4.' Obeerved Terms

5.'Q8)SP 5p 'P*

58 Ss w p"

"0N AŽ6 ap (a 2A uhd (xRŽ) axf (uŽ

6(8" -24s 26 6-1 lp SI" 5-M04ID 4-12f IF

5. 5p(lp*)Uu {8 4e 6-W 9

Vor prediced terma In the spectra ot the In i boeolectronle sequeaoe. an Vol. nz, Introduction.
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(Od i sequeos; 48 electon) Z-49

rouind state1 2 l21PO30 W 4.s 40 I4dw 5.Ik%

W % 8151; 6K I. P. 18.86 volts

The analysis is from Paschen and Campbell, who have revised and extended the earier
work by Lang and Sawyer, and by others. Approximately 570 lines are classified between
680 A and 9M48 A. Many lines exhibit conspicuous hyperfine structure which Pasehen and
Campbell discuss in detail along with their analysis of the fine structure. Each member of
the 0-serie. consists of one pair of double levels called a *Gm and -O-jg in the paper on analysis.
In the table the writer has labeled the a *G&A pair as '"G& and the n -Gaj pair as *Gj in
accordance with the suggestion of Trees By analogy, the +H and -H series are handled sami-
lady in the table. There is evidently a miing of J-values among the four levels of each series
member.

Pasehen and Campbell list absolute term values based on the H-eeries as derived by means
of a Rydberg formula without a Ritz correction. Their limit, quoted above, is 18 K lower
than the earlier *alue, by Lang and Sawyer.

Observed intersystem combinations connect the singlet and triplet systems of terms.

REFEERNCES

R. J. Lmg and LR.A. Sawyr, Zeit. Phys. 71, 453 (191). (I P) (T') (C L)
F. Pamhm n d J. S. Cam pbell, Ann. der Phys. [51 1, 29 (198). (I P) (T) (C L) (hif)
J. K Meek, Rev. Mod. Plys. 22, No. 1, 64 (1960). (Summary his)
IP R. Treus, unpublised material (August 1958).

Conf0g. Deis. j IAveI Interval Conig. Deig. j Level Interval

WW IaS' 0 0 5e(28)7# 7s 8 1 121437.71

5a("5)5p 5p Fpo 0 45575 1074 5*('S)7a 74 I8 0 12336. 04
2 453482 46887 5#6)4f 4f IF* 2 103887.85 5. 19

3 I1848.04 ieles
50("S)Sp 5P 1P I 683=. 81 4 5M565. 72

5,')0.e 6@ IS 1 919.o03 5#(")4f 4f W3O 3 155694.07

56".)6G i 's 0 9702& 36 59(16)6d 6d 'D 1 124737.90 U 97

Wp ID 2 9762& 61 2 124771.87
3 124325.8 0

W W Sp 0 10106. 3 11.')64 64 'D 2 126666.16
1 10244.47 - 7D
2 10556 19

5#(S)7p 7p TO 0 156958.08 62.1458.(")Sd Ud ID 1 102036 K6. 00 1 1IM90. 17 25. 19
2 10216163 2 157549.
3 10280L.23 136.60

5a('P &P $- 0 107557.87 5s(2S)7p 7p TPO 1 1W7568.68
1 1ý0i8. s7 58. 35 56(,)8, 8as 8 1 133W07.67

&(1s)6p Op 'PO 1 100775.80 5,(8)38 8o IS 0 133549. 12

58("5)5d U ID 2 11388 07 58.()f 5f IF1 2 188955.68 4.00
3 13ue. 83 16. 08

p to 0 12184. 71 4 185M95.71

0 0 0' 0) 0 0 0 0



In i-Cmhu" fn 1-.-C4Wtn..d

Dais. i 1Av1 Interval Conk. Deog. i. Level Interval

V of Ir 3 l5. STM 84 58(,st go . '0 3,4 1452924&.I.G 4. 5 14526M 51 st5
8.(89)8q S,.'# 3,4 134607. 18 .

. 4, 5 134511. 01 58(Is)8aA 8k lB , 4, 145MW. 61 & 34

kAMd Td ID 1 134721.067 
5,. 0

2 1347389.19 7. 88 0d 2D 1 14378 6 7.
3 134767. 07 2 145

3 146 M 0 7.21
58(0M)7d 7d 'D 2 13839 63

1("9)lOd 10d AD 2 145494. 76
ec'S)op sp sp* 0

1 1895.75 187.8 5a($S) 1p lip pO 0
2 15"94. 6 1 1456M0. 8

2ks('88p Op 'P* 1 18605. 10
UM8P 9.18) 1 1393.2 1'S)lp Up TO 1 1478. 915f(IM9 go is I 139131L 27

.('8)9g 9 I '8 0 139I882.63 5(89)1 12. to 1 14658137

58248) 12 12# I8 0 14659 2350(18)41 61 'r 2 1,554,4.0 ,s &
3 150647.838 14. 58 s('•8) 9of 81 2 140W. 95 -1.90
4 156O5. 41 3 1407.45 12,38

S6f TO 3 ISu4 146619. 81
5.(89)9f 6, '&F 3 148688. 49

,IG 45,4 1399020L " 56(1)99 g• 8G 3,4 14674. 44 & so
3.80 4,56 146749. 04

8.(89)Sd Sd3 'D 1 140077.42 10 46

2 140087.88 164 5(ts)gh 9h SH 4,5 148764.61 . 54
3 140104.34 5,6 148768. 15

5s('8)8d 8d 'D 2 140408 60 5.('8)lld lid ID 1 146807.73 27
2 146810. 4 . 458('")p 9p aP 0 3 14681. 83

2 14087. 675 7.82 1408517. d 50(SS)l~d lid ID 2 146M&5 43

58(')op Op 'P" 1 140840.18 5@(t8)13. 13. I8 1 147629.'77

5.(8)10i 101 s8 1 142703 52 51(18) 10! 10f IF* 2 147677. 75 -1 12
3 147675.63 11.51

58(18)101 10s '8 0 142852 13 4 147687. 14

5&("8)7f 7f IF* 2 145 .96 2. 41 .e('8)13. 13a '8 0 14767& 63
3 142M. 87 1197
4 14988. 54 51(28)lof 10f 'rF 3 147699.57

5,(8s)7f 7f IF 3 1454. 91 56("8)lOg log7 'G 3,4 14778128 538.80 4, 5 147788. 81 3

3e(IM)7# 7f 80 3,4 143178. 79 & 55

38 4,5 143182.34 50('8)loh 10h 'H0  4,5 147796.5510k "'H* 5, 6 147800. 06 .

50(1S)9d 9d ID 2 14329 63 6. 85

2 148310M 48 I 54 5s(IS)12d 12d &D 1 147828. 63 1873 143311.0 (2 147831. 50 t 033 147583. 53 4.0
56("O)9d 9d ID 2 143479. 10

58("Op l0p IF- 0 5#(" )12d 12d ID 2 147884. 13

1 148701. 70 34. 1 50('s)140 14Us 8 1 148436. 04
2 145785.87

.('•10p lOp IpF 1 143758.538 5('8)lif 11/ 'FO 2 148467.58 -& 61
3 148468.65 11.57
4 148475. 19

51(9)lls l1a '8 1 144985. 21
5s("8)14# 14a IS 0 148470.73

50('S)l1. 11 I8 0 145081. 50 58(')IlIf 111 IF* 3 148486.65

st("Of o Ir 2 145110.98 1.72 5(")1lg 11p 'G 3,4 148549.253 14I511 70 1 23. 55
4 1451150 11.80 ''G 4,5 148552.80
4 145154.560

5.('S)81 8t 'r 145189. 65 58('8)llk Ilhk 'H 4,5 148560.11
H0" 5,6 14 850 5 3.0



ha fl-Cemkn eiw In l-Combined

loals. Doft. j Level Intma-va Coaftg Deft. .1 Level Interval

Sk"s(61d 13d &D 1 148864 8 i 3(38)15d 14 AD 2 14963.2
2 148867: & 3
3 1485K0 5#(40)17. 17-. -8 1 14969167

5.(18)13 13d ID 2 148626& 13 5s('6)7# 1?. Is 0 (14990w $I

586(16)18 15l as 1 14604606 Bo("814# 14# 3G 3,4 14994847 &

8h('8)12f 12f 87 2 148M6. 886 G 45 I9&0

3 14WSL 7S -14 56(am)14 14A IHO 4,6 149951. 16 &3M
4 l~jgj8 11.17 5,6 149M4.70

36(lm I1so 158 is 0 149071 46 S&('S)16d 164 ID 2 ±4996& 38&

86(16)121 12f IF* 3 149084. 04 3 149967.5

So(16) 12# 12ie S0 314 149131,24 3M 56("816d 16d ID 2 [149991881
4, 5 14913& 78 ss16 16I 1 (60912

5a(16)12A 12k 8110 45 149144.4 90 & 65(18) 17d 17d ID 1,2 1502132 O

So(16) 14d 144 ID 1 14916&05 3 180253.97
2 149163 5 &0 S#(IS)174 17d ID 2 11027.05

a 416 19 5('8)19s 19. '8 1 [150433411
5@("814d 144 ID 2 [149192.01 5@(')lIgd 18d ID 1 150486L.3

5o('S)16o 16. IS 1 149519.15 2,3 1504M 6 2.3

58(18)160 16. IS 0 149539.30 5s('8)184 l8d ID 2 [150499.271

86@(18)3# 13# '0 3, 4 149585 71 3(1d 1dI2.20 4,5 1495K9 25 &6')9 194 2D

5#(116)13A 13k 81H0  4,5 149688.79 &M 540 508
5,6 149696. W- - - - - - - -- - - - - - - - - - - - - - -

86(18)154 15d ID 1 149609.4 In ui1(low. Limit 1----- WI
2 149609.86 O
3 149611 7

August 1953.

In n Oaaaavuo Twms.*

Configuraton
I@252I3.' 3p' Observed Torras

3d p@04I4d-+

50' sots

{ p"8 is 17 D

as(ý)np (a-!) ld (R ?-a)

86')zJ6-17# IS 5-llps'r 5-19d ID
16-lb'S8 5-1lpP * 5-13, 15, 17d ID

86(6) 14-12 514g .'G 8-14h IJH*
14-12 fIrOF 5

*For predicted teraw in the spectrs of the Cd i bolcltronle sequence, see Vol. i, Introduetion.
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(Ag I sequenos; 47 decron) ZM49

Ground state 1e* 2a0 293•3•• 3dW 4" 494p 8 d 58

8s5 % 2261U K I. P. 28.03 volts

The analyw. is from Nodwell, who has furnished his tentative results in advance of publica-
tion, especially for inclusion here. He has classified 56 lines in the interval 685.31 A to 6197.72 A.
The Wp' 4p term requires further confirmation.

The limit is from Catalin and Rico, who have derived it by comparison of the third spectra
from Y to In.

REFERENCES
IL Nodwefl, unpublished material (December 1955). (1 P) (1) (C L)
M. A. Cataldn y F. R. Rico, An. Read Soc. Esp. Feab. y Quimica (Madrid) [A] ^ 85 (1957). (I P)

Ism In M

Conft Deig. J Level Interval Conflg. Deasi g. Level Interval

43P(S)3* S eS 034 0. 0 4d'('8)6d dd 'D 13 170631.8 153.5
2§4 17071 IS5

1 6159034 57151. 43411 4d(S)7p 7p 'P0  
0 J0551. 6?1% 65w.8 -11 1115. OT 599. 3

4tF 6.1 51' 'D 2 14 112414. 8 -84 1 4dQ('S)5# 5g 'G 331,434 186522.0

4d"(8)6# 6. '8 03 126874.2 4d'(6S)go 8.o s 03 189369.6 0
4dw(S'5d 5d 'D 13 1284518 2389.7 4dw('S)7d 7d OD 134 190033.5

234 1287416 25 10131.9 9. 4

4d•.Q)Gp 'P. 1po 145916 1339.0 4o*QS)g OV 0G 334,44 196647.9

4. S((D)5p 5P 4e 23 1588w?8)9 98 03 201149.0?

13 1716. 4? -4140 4d((,8)7g 7g 2G 384, 4,4 20961. 3

4d"(,8)4f 4f I'F 2 16196 . 8 & .................. ........... ...... ...........3 161976. 0 In iv('SS) Limit ----- 2261
4d"(18)7. 7.2 8 03 169429. 8

February 1957.

• 0 • 0 •0 0 0 S *
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(Pd I seuqioce; 46 ulie.rofs) Z-49

Gneundatat1. l20 2103s 1O3.d89404P 4P

4P % 43WSSK I. P. "A. volts0

I%* analymis is by Gibbs mid White, who have classified 88 lines between 472.48 A and
172.91 A. Observed combinations connect the einglet and triplet systems of terms.

The writer has interpolated the limit quoted here, from the iuoeectronic spectra Pd x
through Sn v. TIsk gives an ionization potential 3.5 volts lees than the one quoted by Kruger
and Sboupp, which in turn in from a Moseley diagram by Gibbs and White.

Crooker and Nodweli have recently observed the spectrum with a vacuum-spark source
and will doubtles be able to revise and extend the present analysis.

REFKBZNCES

PL. C. Gibbs and H. IL Whit., Phys. Rev. M1 776 (1928). (1 P) (T) (C L)
P.0. Kruptr and W. K. 1houpp, Phys. Rev. ^. 124 (1934). (1 P)
A. M. Crooker end IL. Nmhdkel 14ter (December 1955).

laIVi IT~

Conlg. Desig. J LevOl jinterval Coafg. Deuig. Jr Level Interval

4dw 4d" 18 0 0 j4iDeD)6p 5p $DO 3 90658S 32

4cPD*05#)S 5. 'D 3 12B 2 000n29 -9521
of'DM) 2 13m -2196 2 8011"o82

1d(Dp5 13 -4912 4c'(sD)bp 5P APO 1 906701
4 dP('DIM)5@ So AD 2 138764 4dP(ND)Sp SP AFO 3 was"

4d§(sD)5p 5P &P- 2 19400W Wi(2D)S5p Sp 'DO 2 9110785

4cD(2D)5p 5p #F- 4 Bo1155 In v(RD%0 L1mn1t - - -- 439M6
3 196706 445
2 905857 -8651

January 1956.
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(Rh i sequence; 45 electrons) Zm-49 0

Ground tate la20 210W31'39We'40 414d"D of
UP *I• K I. P. volta

The spectrum is incompletely known. The analysis is from Green, who has classified
43 lines between 36867 A and 423.16 A. Observed intersystem combinations connect the
doublet and quartet symtem of terms. No series have been found.

REFERENCE

M. Geen, Ph^s Rev. 46 117 (1941). M (C L)

lav lnv
In

Coa4 Do" J Level Interval Couft. Deag. J Level Interval

40 4UP ID 2l 70 -7166 4d,('D)5p 5,p 1" IF* 2 ,4 6 2662

4d'('F)Sp 5p 'De 29 9617 4d8(ID)5p 5p" SPO 04 s 561550
23 941051 -4_ 14 9ow9089
134 14141 

l3091

034 4d'QD)6p 5p" I'D 2½ 960971

4d'('F)5p 5p 0*' 5%
4 4d'('P)Tp 5p' DO 334 964154 -- 1947

2% 566071 163

2 4 U 4 5 92 8 1 4 9 6 5 9 0;01
4d*('F)Bp 5p ,F' 44 t

a3 945515 -4176 4d'('P)Tp 5p' 'D 13 9886 623
234 955691 97 2% 968849t% 9497158 97

4d$(&P)5p 5p' Spo 13 570197 -5108
4•i*(F)gp 5p 'Do 234 94944 -3004 9 f75805

40 1% 2648 4ds($P)6p 5p' '8$s ON 70850
4d(F5p Syp F 334 95U87

234S 5p' IF' 34 871945 -1320

4d@(*F)5p 5p 3G' 4%

4d1(3P)Sp 6p' '8' I 273867
4d8(2P)Sp Sp' 41" 2 557191 -165

134 957194
0½

February 196.
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*For prndited terms in the speetra o tge Rh i bWoaetrmic uequenoe, oee Vl. u4, Introduetmon.

Iin z

(Cu i sequenoe; 29 eletron) Z-49

Ground state .' 12.' 2j' 3.' 3,' 3P 4. 'S.

46 K 1. P. volts

This spectrum has not been analyzed, but Edl6n has observed the doublets due to the
transitions 4*-Sp, 4p--d, 4d4-f, and 4p-., from Pd xvw to In xxi. In figure 3 of his paper
on the spectra of highly-ionized atoms, the lines are indicated on the photograph of vacuum
spark spectra of In observed from 40 A to 80 A.

By analo• with Ou t the vriter has amumed the ground state indicated above.

& cbn E"!! 14 No. 9•, 40 (194?).
March 19N

(Co i sequence; 27 electrow) Z-=49

Ground staoe 1•' 20 ' 3,' W ' 30 31.3

3,F'Dw K I. P. volts

his spectrum has not been analysed, but EdUn has observed two lines due to the trani-
tide 3V MR Nq)-3 3•. ', in the rqioon between 40 A and 80 A. In figure 4 of his paper on
the spetr of highly-ionized atems, the observed wave numbers are plotted against atomnic
number for this cmnbination in the Co x-like spectra Pd xx to Sn xxxv. For In xxm the
wave numberts between 1700000 K and 2000000 K.

IL. ZWA !" 1, No. 9, "1s (197.

March 1958.

S• 0 •• *7
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Sol

50 eectrons Z-50

Ground state 1•' 20 293#39 3d"• 44pO49 4d* 5W 59 -P,

5p9 3Po S1.8 K I. P. 7.342 volts

In 1940 Meggers published an extensive analysis of Sn i in which he revised the earlier
work by Back, Green and Loring, and others. His observations extend from 2000 A to 13000 A,
and are supplemented by corrected radiometric observations of Randall and Wright between
12788 A and 24738 A. Spectrograms taken by Shenstone cover the short-wave interval
1400 A to 2200 A. Meggers lists 378 lines between 1697.59 A and 24738 A, of which 80 percent
are classified. Observed intersystem combinations connect the singlet and triplet systems
of terms.

Garton has observed the Sn i spectrum in absorption from 1300 A to 1800 A. He reports
the discovery of about 50 new atomic lines and states that analysis of this extension of Sn i
is in progrea.

Barrow and Rowlinson have recently extended the ultraviolet observations of Sn i and
reported a number of series lines above the ionization limit. All but nine levels in the table
higher than 59453 are from their list. Owing to the difficulty of fitting these new series on to
the known seies, the writer submitted these data to Shenstone with the hope that he might
be able to interpret them. This he has been able to do by means of a new spectrogram in the
Schumann region connecting the separate regions of the spectrum. The present analysis
is from his manuscript, prepared especially for inclusion here. He has made some revisions
to Meggers' analysis and classified about one hundred additional lines. The limits quoted
in the table are based chiefly on the seies by Barrow and Rowlinson, the strongest ones being
aid Ip (%=8 to 19) and ad PT (n=8 to 27). Meggers derived the limit 59156.0K from the
n8e 'P series (n=6 to 15) and rse 'P series (n-=6 to 8), by means of a Ritz formula.

The ground term of Sn n, 5p TO, has an interval of 4251K. As a consequence of this
wide interval, the level. of a given configuration in Sn i having this term as limit, divide them-
selves into two widely separated groups, the lower of which has as limit 5p 'P~O, and the
higher has the limit 5p Sly. The J-values of the limit are quoted in the table so that the
related pairs of levels can be distinguished. The J1-coupling notation can be worked out from
the auxiliary table that precedes the references below.

Back, and Green and Loring have observed the Zeeman effect for Sn i lines. Their results
are in good agreement. The g-values in the table are chiefly from Back's paper. Some
V-values of Sn i lines, mesured s impurity lines by W. F. Meggers, C. C. Kies, and C. J.
Humphirys on. spectrograms at the National Bureau of Standards, have been averaged with
those of Back. This applies only to the levels of the 5p- and 6.-configurations.

In theme Volumes the general format is to arrange the levels by terms. Shenstone em-
phmz strongly that in the case of Sn i this is particularly misleading. In compliance with
his urgent request, an exception is being made for Sn i, and the levels are repeated in a Supple-
mentary Table in numerical order over the range in which overlapping occurs.

. .......
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m Sm r ,C , lhm

Authr ~o, s Dur. . Author Cozsa. Dug;. J

'Pt I *Dj 1

0P-P. 0~a PM ad'FID Wopw'ad ad'[2134] 2

"aP SpIP.~u I.'M1 2 a.d INd(J4 2

1 $Di 1

-P',8P 5p(l'pb)p up [0) 1 ,, 'IDI ad('Pti) ii,' [234" 0

a,0 1F1 I

ap'D, " p (134] 2 ad'P; " ad' [1'41 2
'1D, I 'Pt 1

,,'?, 5 ('Pt,)ap up' (0o4) ald ',F " ad' [034" 01

p 'D, " op'(23[ 3 Old'W " ,d'o [sr 4
'P, 2 'FI 3

%p'S, " up' (14] 1
ID, 2
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SaN Smli

Conflg. Deail. I Level Interval Obs. g Config. D1i.. I Level Interval Obs.

5o 5I 5WSP 0 . 0 169L 8 0/0 ia 50 5P('FW1Pp 6p P 1 4660. 4
1 1691.8 175. 9
2 3427.7 L 452 50 Bp('PW)p Op 18 0 46963?

5s5p 5p" WD 2 8613. 0 1.052 50' 5p(1Pb0)5d 5d 1D" 2 47145.?7 6 941

5a0 ' 5p" 18 0 171616 0/0 50 5P('PbO6p 6p $8 1 47805. 7

5.'5(Pl6 G'po 0 54540.8 273.4 0/0 500 W('P 6), Op ID 2 48189.7
11 5491458 3714.6 L 380 50 5.' ýho7 7# TO 0 48116.0 .150' 5'PO 66 2 SMU. 8 L501 1 485• " 1 419& 6 L 316

5w 6p('Pib)6 @ 'Po 1 957. 1 1.121 0' Sp (sPl) 7 2 59415.7

as 5P$ lipsSO 2 Sa' 5S0 p('pOw 5d TO 2 48669.6 -- 14 0
to1 45951.0 -5& L229

"0 49487.0
,50 G~pe~ 6p 6p $P 0 484 0.0

1 42342.3 -1 97.7 5 5p(sP)5d 5d IF* 3 49895. 1.040
5. WSpPb,6 2 47285.2 5.' Sp('$Ptd 5d 1p- 1 015.9 1.066

o p O 2 7 --129.I8 5' 5p(P•W)7p 7p 'P 0 51374.8 - 0
50z 5p(2Pt%)6p 3 47006.58 368 1 50755. 8

W• 5p('lW7p 2 55186. 4431.9
ss's( M S -" 2 WS. 0 2 485 Soo o 08 5.M 1 51476.1 o.9s

5(Pfr5 4748. 0 .4 5(1J6 -464665175505 jZd3 478. L262 51010.56 0.6
4 I" 3 51754.9 744A

5so5P(S'10.5d Sd "D° 1 445"8.5 -368.2 0.685 2P 5P1107p 7p ID I 5110.
2 44144. 1.181 0 -34.2 L131'51 5117. 8
3 44578.1 485 1L167 3u 5p(2Pb,)7p 3 55139. 9 3969.1

0 0 0 0 0 0 0 0 *



Guefs. Domft. I LeveloIevel Ob. g C0ni4. Deft. J avel IntmwaJ &M. 0

3#= O 6511815ilt 4571L A W. Ap('Ptj%)4f 3? 565K00

4 W BP('P1Md)4f 4D I 5be=19

w SP~spw)V 2? 52240 w bp($Pta,)7d 7d Ir? 3 "a"5. 4

v 5p(sph.J4 2 53M861 11s Ip* 0
W IP($P114 I1Is 1 67C04. S

w wpe ,)phg 7p 45 0 5MG663 2

w GP(IFW70 7 TO I 1 U57M.589 $DO I
w s5"eP&) 2 57106. 7

1 5~6 41ft22 3 iP~). 3 p 1 57952 57149.5 Psbfs oI* 7R

U59('Pj~ OR 2D 110569d $DO I

of3 SUM. 194.6 23 75.

30 35,ePbj)7d 7d Ir 2 54511.7 49 12t' 81 o
5.'*,Pb.JU 3 591... t W SpelP&. 12a 1 57565.0

4 2

Ie'SP(IPtaa~d 6d 81e 2 546514 -40. IId $DO 1
1 5578.4 0 3 57847. 0?
00s~ 701& 1.5(P~l 2a S7W.

U ,Ped~) 8d $DO 1 54718.5S? 411sp
2 M6121 Of _SM 4 5.'5,(sphtJISO 5758M.0
3 545215 2

50 5p(lpb,)f 3? 547616 U IPe 2
be 5P('PIN076 1 57954. 7

so SP(Bbji 2? 54767. 7 0
w SFPbil 2 647L 812d$DO I

So Sp('Pbi) 12d 2 58100L. 9
W 5p('P1,m)7p 7p 'P 1 54960L0 a

g.eo TO 0 14 s o0
1 ISIM 421o ' U0W5p('PW 14# 1 6814S.6

w s('YAýJ91 2 SM& , 4211 2

wSP('F,gt)ad Gd 'DO 2 5595. 1 151 IP. 0
50 P(sPb.)lag 1 5550453

Uo 5p('PtKJ7p 7p 86 1 5B3718 2

50 Sp('PbI)07P 7p ID 2 &SM816 169' $Fo0

5e500 5" 1 5574'SPC'pb4)156 2 88.

50s d S'r 2 "rSM 8 4M a Sp('PI,,)16d 15d &DO 1 5896M.0
305;6" 3 604M0.0 2

4 8
60 P('pbjsd Gd TO 1 569440 17s ape 0

soSP('Pbim~ Gd 'r 3 WSM9.58 50 GP('Pbi 17S 1 55607.5
2

1 15=37.4 U0 SpePi,) 16d 16d $DO 1 567.
2 2

0 pb in1 56558.9 20. is#.ap 0
.5 U 5p PM 0 ON oS(DPbj) 18a 1 56890.0

U Sp(TPIM 41 2? 56396 02

U 5p('PWa4f 8? 56400.7 U 5p('Pik) 17d 17d ID- 1 58747. 8
2

U0 5p(IPIH) 2 5648a15
GOP104 1?~~o it(P&)9 um.'p 0

W.p "5,3aD'9 1 5665M0
1% w WSD* I MM. 0 -11& 22

3 57151.6 6oG(Pm UT 87.



______ - -_

77

Cmig. Duis. J level lsmviam Obs. t Cwki. D11014. j LeveR mIsamiva Oba.

se a (IPh) Uusit - --- WSL 8 5. ap(sPbj) 16. 161 ape 1 65745.90

I.' iP&'Pbi)ts 9s $P- 1 56458&0 5.' OP(APbja) lid lid 2D* 2 65774.6

A.'OWPh)Sd ad sp 1 owl1. 4 5. 5wpbla~ ld 111 SPO 1 65776. 5

Ws 5P(Pbi)$d ad ape 1 7 0 W. Sp(Pbo) id lfid ape 1 6557. 5

5.' bj 9d~~ 'Pe 1 60#45.4 W. Sp(aPbj 17. 17. TO I 65555.6

ww pbapjg 911 ape 1 812110 So W. P('?) INd 165 'Do 2 69971.58

5.'p('Pjod 9U 8P S 01947.5 W.'5p(SPii) 1d l6d $'P 1 65575.1

W. &p(,%Phbl IN 1d 'DO 2 6154. R' 5(spbf) 1611 lod TPO 1 69019.6

5.' SP('Pbi 101 l01d TOe I 1556.5 8. Wp('Plas)17d 175 'Do 2 65994.5R

Wi bp('Pbi) 109 l0d NP 1 61744.5 W.'5p('Plasl 7 d 175 TPO 1 65956.4

W. 6p('Phw)l IN INar 3 61769.0 50' sp(SPba.)17d 175 ape I easmel
i.'5P(sPlagJ120 12O ape 1 Cs".5s 5.5P(OPlJjlSd 1id 1D 2 6501&.1

i.'SP(SPbjalld Ild &DO 2 6199. 0 50 bp(sPbjgl IN IN ape 1 65M.09.

is' WpPbgjl I s Id apeT 1 619710 So' Sp(Flbjg lid lid 1PO 1 65051.8

30 Sp('Pbj Il4 lid IPO 1 65110.6 Wu'5p(vPW l)1d lid ID 2 6507. 6

is' AP('Pba) lld lI d SP 3 69197 go' 5p($Pbj.)19d l9d SPO I M8 .B

5.' sp(Bpbj is@1 M 11. 1 65191.5 5.' WpsPb)19~ld I~d TOe 1 68104.9 R

5.' bp($PtuJ12d 12d 'D 2 69565 9 W. 6p(SPb)20d 20d ape 1 65155.5

W. bp('Pm) 12N 12d ape 1 Sirn a 50' SpeP,,) 215 21d ape 1 68100. 4

5.' bp(lPt.) 12d 12d ape 1 6875.5 5. W p(,PtmO22d z5 ape 1 65191.6

W. SP('Pb,sJ 12d 12d TO 3 655W 5.' 5p(PBIU23d 23d ape 1 65950. 7

5SO Sp(lPb.) 14. H 14.ap 1 65451.0 W5. p(&PI,.24d 24d $I- I OSS" s

W. SP(SPW. lId 13d 'DO 2 60451 1 W. 6p(2?IM) 2 5 d 255 ape I 6567. 9

SO' bp(lPbj l3d 135 ape 1 65454.0 5.' 5p(?10bj 2 5d 265 Ipe 1 65555.5

a.' bp(sPbj~ 13d 135 ape 1 6554. 5 50' 5p,('b027d 275 ape 1 65597.5

30 S,('Pb,ola 158 1. ape I 6$S0. 4 --------------------

i.'Owpwlu14 1IM 'D 2 65647.5 Ilan ('Pw Lima 63558&2

July 1lo6
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004Duds. J 1Adc..1 6  Dods. i Lomi

5.II pP 0 O0.0 Be 3p('Pbh~d 14 WO 2 51181I

5,"? 1 149. 3 5.'p('PbO7p 7p AD 2 51170L8

epP I S42. 7 to7p P 0 513748

W D 2 86110 540 S,(BPh)1 Gd AD* 1 51475.1

sp s 0 171616 50 5p($P&b)6d 6d $DO 3 1a.

so' W5p('P e6 Go pa 0 84840.8 55. Sp('Pb)4.f 2? 522410

to Goae84914101 2 522U61

50' S,(SPb.). 6. ape 2 SUN. 8 5.0 6p(IPWg7p 7p '8 0 5226& 2

to6@ TO 1 SO5W.1 5I Wp(2Pt 3 07s 7. 'P* 2 58415.?

As Wi War6 2 #65. 5 117s 11" 1 50706.8

5.' g*('Pb)Op 6p sP I 42M341 5.' s,(sPbis8 at ape 1 580.80.

ID p 'D 2 482317 50 Sp('Pb~j7d 7U $DO I sun. 0

6p AD 1 48263 ad U'D 2 58681. 4

ofop P 0 434800 U $DO 3 53858.0

So ap('Pl..)d 5d 'r 2 486550 UdIF* 2 64011.7

of d $DO 2 44144.6 58t s5(pQP,)6d 6d APO 2 "5465.4

11 d $DO 1 44508.8 5.' 5p('P3,s)d 8d $W? 1 54715.8

if d 'D* 3 44576. 1 5.' 5p('Pisf 3? 54761 6

50' 5pesP1,op Op 'P 1 46603 4 102? 14767. 70

6p'1S 0 469313? of2? 14771.8

Op ID 3 47001 8 W.'5p('Pl,~)d 8d 'DO 3 54880.5

5.' 5p(kPid)5d 5d 'DO 2 47145. 7 5j8 5p('PIM)7p 7p 'P 1 14990L 0

50 bp($PI,,)6p Op SP 2 4723& 2 50' 5p(sP1,K)6d 6d PO 1 5504. 0

5.' 5p('PI,')5d 5d 'FQ 8 47488.0 5.' Sp('P1k)d Sd $DO 2 55180.9?

S.0 5p('Pfm1 )6p Op 's 1 47801 7 5.' 5p (JPT%) 7p 7p AD 3 55139. 9

toOp ID 2 48181L7 50 SPeSPhj9s 9. 'pa 1 55156.0

5.0 5p('P3,W7# 7. APO 0 455680 5. SOp('P1,t.7p 7p 'P 2 651819

to7& 'P* 1 4885. 1 5.' 5p('Pt%)6d 1d 'DO 2 5519. 1

So 5pC'PWM5d sd 'pe 2 48669.6 5.' Sp(sP!%)7p 7p '8 1 6537&.8

5d spa 1 48M#1.0 7p ID 2 55500a

5d $1" 0 49457.5 5. 5p, 5p" 80 1 $5567.4

DI TO'P 3 49598 8 50' Sp(%Pt)j6d 6d 'P0 a 55789. 7

5d TO0 1 50105.9 14 6 'P0  0 55789.4

5.' 5p('PW)7p 7p 'P 1 5075& 8 5.' 5p(3PIg)d 8d 'F0  2 558038.

5s' 5p(sPW~6d 64 $DO 2 51010.5 5.' 5p(2P?.%)6d 6d 'p0  1 56944. 0

Se0 5pQ3P&4~7p 7p 'D I 3111M3 6d 'FO 3 56198.8
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CatDesi. I LoAVW Coaft. Daig. j Level

1g or62857.4 50 bp(sPbd 12d 124 &DO 2 5M100.

w. apeanh)1 10. lot 1O 56M9.9 5. 30p(sPbj. 14a Hes IPO 1 5141

5.' Se(Ph)4f 2? 56896 0 5so b,('Pbj) 151 136sp Ir 1S 5 85.

3? 56400 7 5.' bp(sPI.j 16. 6 ape 1 56595.

2 56486 5 5.' ap(SPh.j 15 15 $DO 1 5859. 0

1f ? 5448a85 5.' 5p(RPlW)l7a 17. @ar 1 56607. 5

5. 310 $pDO 2 56544.5 5.' bp('PW~ 16d 16d 'Do 1 58679.8

5.' 5,Ph)P4f a? 36568800 0 a. p(apib) 18t 185 SPO 1 58690. 0

W b5p(1Ph.)4f ID 1 5468129 5.' Sp(IPW 17d 17d OW 1 58747. 8

a50 p SpD* I 56658 0 b'p(sPI.b19 196 easr 1 55755.4

50 5p(APtig7d 74 Jr? 3 55889.4 Ush6p(BPWM7d 7U 'PO 1 58M7. 8

5.'5p('pbj11a 1I is rP 1 57004.5 50 6p(tp1m)sf 8? 5904a66

5.' 5p('p5b)g4 94 3DO 2 57106. 7 5.' bp(OPbM)7 7U OFr 3 59190. 5

so 5p('pw4 s. as IPO 2 57149.85---------------- -----------

at Wp 5pl 3DO 8 57181.6 gn zi(sPw) Limilt--------------SM3.8S

50 SP(SPIN~Jl So PO 1 57188.8 6 5.'p(PINA9 9. DPO 2 59575. 9

5. 5p(sPwl.o10 10d IDO 2 57588.7 if 9. l'P 1 59458.0

W5.'(BPW l)2v 12a TP0  1 5750A 0 5.'Sp(SPI,084 8d OPQ 1 605. 4

W S'P(SPIO 11d 114 3DO 3 57847.0 OT 84 TO 1 6007. 0

114 3DO 2 57856.8 "8d Iur 8 60450.0

W '5p(SEW lb5 13. 'P 1 57899.0 w.'5p(aPt,%)1 10 .to pe 2 6059. 8

W 5p(%Pb 7d7U4Sr 1 57984.7---------------- ------- ------

See remaining levels on page 77.

Sn x Oswatuvu Thauia

140 20 342 Observed Terms
4.' 4,' 4dw+

56 W { ,"'
5p i- IpDO

U. (uŽ6) p (RŽ6)

5.5p(lp*)sMx 6-198 SPO 6, 7pS 88 , 7p &P 6, 7p 3D
1.6-9, 12-17s TO 6, 7p 1S 6, 7p 'P 6, 7p ID

",d (a 2:5)

5'5p(,pO)wu { 6-27d 'PO 5-12, 15-17d 'Do 5-12d OF*
5-194 TO 5, 6, 10-19d 'Do 5-7?d TO

*For predicted terms in the spectra of the Sn i iscelectronic sequence, see Vol. iin, Introduction.
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Ground state 10 02pP 03O34 P 40 4O 35 O p T

Np Tp• 11801 K I. P. 14.628 volt@

In 1938 McCormick and Sawyer published an extension and revision of the earlier work
on Sn ii. Shenstone has recently reobserved the spectrum between 600 A and 2500 A,
revised a number of their tem values, carried the analysis further, and confirmed the 1938 value
of the limit from a Rita series calculation. There are approximately 145 classified lines
in the interval 899 A to 7904 A. The doublet and quartet systems of terms are connected
by observed intersystem combinations.

In the table, the energy-level values given to one decimal are from Shenstone, who furnished
them in advance of publication for inclusion here. Previously identified levels not confirmed
by his new observations because of the limited range, are given without a decimal.

Green and Loring observed the Zeeman effect for 8 Sn ii lines. The g-values in the last
column of the table have been derived by the writer from their observed patterns.

Shenstone comments that "the analysis is far from complete since it requires new observa-
tions with the hollow cathode, over the whole range of wavelengths". This is indicated by the
miscellaneous levels in the table. He notes that those labeled 1V, 20 and 3* have the con-
figuration 5# SpeP*)6, or 5# 5p(P*)5d.
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W. R. S, Garton, Proe. Phys. Som. London (A) 57, 864 (1954). (T) (C L)
A. 0. Shenstone, unpublished matesial (Junm 1955). (1 P) (T) (C L)

Sun S8nn

Confg. Desig. J Level Interval Config. Dews. J Level interval

5(BQSp 5p BP* 0O4 0.0 4251.4 5 5P" 5p"S 0? 4 80206 1
134 54 5 P SP ? 051 8045.4 1 2

ss s,4P 0o 46464.2 5 'op 7 01780 057
134 48366 0 11987 0
2% 50730.0 2352.0 s5('8)7s 7. 28 0,% 86280. 2

W.("S68 6s IS 034 56885.9 50'("84f 4f 'P. 83% 89588
2%4 89595 -6

s o p'? 5p''D 13 4 8 61 %6 'D 1 90242.1 111 .4234 5946. 5a'Q(s)6d Sd 134• io9035 
15V(S)S? 5d OD 13 71405. 6 642.0

234 72047.6 640 50(18)7p 7p 1P 03 91905 6

50'('8)sp 6P $P* 03 71494.9S 8814 75877.0

• 0 0 0 0 • 0 0 0
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C~t o. r lvllaw.! alr C1aft. Deskg. r lava[ Interva

GO(Of aiL toeu OA 9M mo o I112370

:4 60Mu'U~ld Ild ID I~

SOM74d Id OD law"sl~ 6O '0 1 2 } 112607

SOM'8SP Sp or 0$ 101M 91 0

to 101a 30 ('F?) I~6? l1IS. 0
tom 96 Is ON ed 1 I63. Ass('sg lI If OG } 114374

50MG/B of or I oa 4

211

5.3Q8)9W Op Sr or 11WO& R"4 loo 1%
MIS 10 (Is? 04? 10853K 4? 0e(D? 34? 541

13 1117.9 _

234 114545. 7 9.5(F5 '? 234? 144.?

5.3Q)11 Ila IS 034 11069& 2 5s 5p(sr)5d V ('D?) 134? 154517. 7

also)S 8v SG} 111118 5a 5i(*'F)Sd 10* (ND*l) 1N? jggjgL 0

5.'QS)lOd 10d ID 1 4. 1152 8 la I p(-r)5d 1- or ISM 578

July 1955.

Sa n Owavun Tuaxa

OOnf ution
lag 2.' 2p1 3.' 3pO 3d- Observed Terms

40' 4ps 4d-+

ua (X2:) tip (ti5) tid (n 2:5)

5.Q6u -118 '8 5-9p 3r 5-Ild 2D

be 5P(2P)mw' 6.' 'F

af (MaQ4 xg (u>5)

50'(18)w 4-Of 'r -lg'

Vor piedieWtermsnn In the upstm of the In x bodegetroie sequence, me Vol. zu, Introduction.
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SO M

(Cd z sequence; 48 electrons) Z=5o

Ground ta"to 1.' 2.' 2P3.2U 3e' W .48249 4d" 50 1

5 'S. 2402 K I. P. 30.49 volta

Shenatone has revised and extended the eariy analysis by Gibbs and Vieweg and others, and
furnished the tabular data in advance of publication. There are now 125 classified lines between
614 A and 3963 A in his line list based on new observations of Sn in. He has derived the
limit from the as IS series by means of a Ritz formula. Observed intersystem combinations
connect the singlet and triplet systems of terms.

REFERENCE

A. G. Sheastone, unpublished material (June 1955). (I P) (T) (C L)

SalaSn Slu

Conig. Degsi. J Level Interval Config. Deig. 3 Level Interval

5s 5.'18 0 0.0
5s(•S)6d 6d 3D 1 187915.7 80.6

5()Sp 5p P 0 55 .0 1648.0 2 187996.3 132:7
1 5 . 4032.2 3 188129.0

2 591108. e sM)6d 6Od ID 2 189689.9
58(*8)5p 5p 'P * 1 79811.3 58(28)5g 5Vg I 3 206110.3 0.0

5p 1 1319. 21114 206110. 3 23.0
5I SPI sp 0 127308. 5 5 206133.31 130119. 6 2811.15 013.

2 134567. 2 4447. 6 58(ts)59 5# ,G 4 206125.7

sp5 5 'D 2 128204.7 5(28)81 88 as 1 207956.9

58(28)68 68 '8 1 139637. 9 5&(2S)7d 7d ID 1 208647.4 47.5
2 208694.9 80.1

5#(28)Sd Ud 1D 1 141321.5 204.9 3 208775.0
2 141526.4 311.7@
3 141838. 1 5P(3P")Sd 1* 2 W8731. 6

5.(so)68 6. 's 0 143590. 8 5s('S)7d 7d 'D 2 209255. 8?

5,(*S)Sd 5d ID 2 154115 5 5p(VP)5d 2* 2or3 113840. 7?

58(2S)6p 6P loP 0 159959. 8 275. 6 5p('P*)5d 30 1 V15615. 0?
1 160115.4 1223.0
2 161458.4 5p(QPO)5d 4 1 or2 115866.4

5•(•)6p 6p 'P" 1 1627S. 1 5p(sP*)5d 5d"' 1P 0
1 116751.0 867 4

5#(28)4f 4f 'F* 2 1793M0.8 36. 2 117619.4
3 179843.0 9
4 179441. 91 5S(28)9# 98 38 1 219504. 3?

5*(18)4f 4f TF 3 179701.5

58(28)7. 7S 18 186688. 3 Sn iv('&M) Limit ---- 246M6 .0

5,(28)7, 7# IS 0 187399. 5?

Joly 1955.

0 •0 0 0 0
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(Ag i sequence; 47 electrons) Z-60

Ground state ' i20 2p 3o3 3do 4v' 4p& 4d' 5 •

5S % 3SU.O K I. P. 40.72 volts

The analys is by Shenatone, who has revised and extended the early work of L•ng and
others especially for inclusion here. He has reobserved the spectrum and has a total of 45
classified lines between 595 A and 4216 A. His discovery of the 4d' W *D term is of special
interest.

His value of the limit is based on a Ritz series calculation for the n IS series.

REFERENCE

A. G. Shezutone, unpublished material (June 1955). (I P) (T) (C L)

SUIv SaIv

Conf. Deeig J Level Interval Config. Idg. J Level Interval

4dnNS)IS so So 04 S. 0 4P(18)78 7& '8 034 23761& 7

4d('85p Sp P Ir 034 ~ 60 4d*"QS)5 5V 3G 43 2882813
14 70078.8 336 2882817

4d((18)Sd Ud 'D I 16304. 7 40 d5(.D)6p W" 'FO? 2½
24 16410. 8 1066 1 3% 269876.3

4D~' 5' 1) 1778810? -8A4( 23 56098. 5

4d*3Q)6. 6a '8 03 174138 8 4d, SsQD)bp Wp" 'P" 034

4d1PSS)p O pP 04 I9M5O. 9 21719 1%
134 0000 80. - - - - - - - - - - - - - - - - - - - - - - -

4d*(18)4f 4f 2Fr 8% 510857.7 on Tow Lmit - - 26
2% 51OS1.5 n -60. 5

4d3()6d Gd 2D 1% =479. 7 M 0
23 235127. 7

July 1965.

•9 " 0O 0 •0 0 S 0
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(Pd i asquamee; 46 electrons) Z-60

Ground stat. 1i' 2.' Wp 3. 3,' 3P" 4.' 4p'4D''

4P k% SUM K I. P. 72.3 volts

The analysis is by Shenstone, who las revised aid extended the earlier work by Gibbs
&ad White, and others. The new observations extend from 82tA to 1535A and include 58
classified line.

Shenatone has determined the limit from the =a-sries by means of a Ritz formula with
n anmumed value of a-.0.312X 10-4.

Observed intersystan combinations connect the singlet and triplet systems of terms.

REFERENCES

IL C. OR". and N.. W&MR% Pese. NM. A&e. UL &K, 30 (1UI). M (C L)
A. G. humston% unpublblbd materal (Jum 195). (I P) (T) (C L)

Conki. Deeig. J Level Interval Conui. Deft. J Level Interval

W 40'61S 0 0.0 4d*(*D)5p ap r $ 079044.*7

4d(ID)B, 5e ID 3 18257& 8 --247.2 4(D)Sp 5p 'DO 2 581618. 0
2 18068.0 47L
1 1912M00 -- 1. 4d('D)Ud 1 2 or 3 874811.6?

4D('D)5, Be ID 2 102 a8 4cF(BD)Bd 2 1 or 2 379050. 0?

4S('D)5p 5p Sp 2 55M67.1 4#(2D)6@ 6. &D 3 3802665
1 M679. 0 2 381403. 4
0 1 a8ms. -7881.6

4De(*D)Sp 5p IF* 4 9571. 1 64147 4iP(D)Sd 3 or 4 38126. 3
3 M88118.4 61.8 l~l&4 -- 1101K 6
2 5735. 0 40(ID)Ud 4 3 or 4 386584. 7

40d'D)5p Bp $D* 8 574976.8 4iP2D)6e 6. ID 2 39023& 4?
2 5•0M -
1 58119. 1 -

4Q(3D)Mp 5p 1P* I7a&8. 4 Sn vz('D%.) Limitn - 588

July 196l.

• 9 0 0 0 • 0 0
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(lRh sequence; 45 electrons) Z-50

Ground sate s 2e 0 v 3ps 3 4o'44eD.•

4d"fD, K I.P. volts

The spectrum a very incompletely analyzed. The listed terms are from Green, who has
dcssified 38 lines between 289.21 A and 326.43 A, from a study of the isoelectronic sequence.
Obseved combinations connect the doublet and quartet systems of terms. No series have
been found in So vi. The spectrum should be reobserved.

REFERENCE

M. Green, Phys. Rev. 4, 117 (1941). (T) (C L)

Saw 83v1

Confg. Desig. J Level Interval Config. Desig. J Level Interval

4d9 40 ID 134 0 7 4dQ(D)Sp ap"0 'F 23 882112I•j 971 -8716 31 SS 8 S251

4d6(BF)3p 5p 'G0 534 4d*('D)5p 5p" 'P, 03K 58415 165

8150"0 40Q'D)5p 5p" 'VD 134

4d'('F)Sp 3p OF 434

3 34 19557 4d9(1P)5P 5pI 1D" 34 S -3182K -5m6 -3181
234 SU4M 7 2% sum 416

13 $17551 134 594

4df(*F)5p Sp 'D 23 580718 5%
13 4d'(IP)Sp Sp' $DO 13 841759 1132

2% 84986
4d(%~b 5 2" 3 3 865S77 _

4(')p 52 34 5719 43 4r1'(5P)5p 5P 1 Sp. 13 $440 -5845
4d'('P)69  5p 'GO 4%404 504

34 357310 4d'(&P)Sp 5p' '8° 0N 84455

4d'(sP)Sp 5p' 'pe 23 855-181 -9.7 4d'QG)bp Sp'" IF* 3% 845770 -1251
134 180018 234 847021
0K 89507

February 1966.
n vi Ossanvan Tuana*

SObserved Terms
3p@ 3d- 4' 410+

4dU 4d 2D

up (->Ž)

4e('F)is 5 , 'D° 5p'F"'F 8p'G"O
4(Fw :6:F S G

f 5p' spe Spf $DO

4dM(D),1'm Sp" 'pO 5p" 'D 5p" 'F'

4ds('Q),"'" BpI" 'F0

*F~or predIed ters in the spectra of the Rh i ioelectronlo sequence, see
VOL m, lat0 00sS.
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m @m

(Wer sequence; 20 detra) Z-5o 0
Ground stte a •t 20' 29 3#3 39 3dw 4U 'S,,M

46 K I.P. volts

This spectrum has not been analyzed, but Edl~n has observed the leading doublets from
hes4"4p a" 4p-de onfigurations from Pd xvm to Inxx. In figure 3 of his paper on the

spectra of highly-onised atoms, the lines are indicated on the photograph of vacuum-spark
spectra of these elements from 40 A to 80 A. He states that the doublets have been traced
in this sequence, as far as Sb xxm.

By analogy with Cur the writer has assumed the ground state indicated above.

REFERENCE
IL EdIn, Phyu 116 , No. 9, 549 (1947).

Marek 195L.

Sat lxiv

(Co i sequence; 27 electrons) Z=50

Ground stats 10' 20' 2p#30 3;A 3d' 3Dxj

3d"Dxt K I.P. volts

T7his spectrum has not been analyzed, but Edl6n has observed two lines due to the transi-
tion 3P9 3d' I)-3p& 3dt qp, in the region between 40 A and 80 A. In figure 4 of his paper on
the spectra of highly-ionized atoms, the observed wave numbers are plotted against atomic
number for this combination in the Co i-like spectra Pd xx to Sn xxiv. For Sn xxxv the
wave numbers are between 1800000 K and 2100000 K.

REFERENCE
B. EdM., Phya 13, No. 9, 548 (1947).

Marsh 196.

0 0 0 0 S 0 0
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ANTIMONY

Sbi

51 eletrons Z=51

Ground state 10 20 29P 30 39A3w 4@2490 4du 505

59 X6M K I. P. 8.639 volts

The analysis is by Meggers and Humphreys, whose line list extends from 1388.91 A to
12466.75 A. They observed the region from 2000 A to 13000 A. For the short-wave region,
1300 A to 2000 A, Shenstone made the spectrograms at Princeton. Of the 466 Sb 1 lines
recorded, seventy-four percent have been classified. The observed g-values are from Zeeman
patterns observed by Lhwenthal in 1929. The paper by Meggers and Humphreys includes 0
an extensive history and bibliography covering the earlier work on Sb r.

Observed intersystem combinations connect the doublet and quartet systems of terms.
"Sinee it is not possible to assign definite L-values" to all of the levels, many have been num-
bred and listed as miscellaneous. The numbers assigned by the authors are entered in column
ons of th tmble.

The limit is from the as 4P(*-6-9) and w wPT(n6=, 7) series, and has been derived by
a Rits formula.

RRZFERNCES

W. P. Mq88 enW PC. J. Humpwu, J. Rameea Nt. Bar. Std. 35, 463, RP 1464 (1942). (I P) (T) (C L)

P. ?. A. Miskal. Rev. Mod. Phy. 3, No. 2,6 (195). (wnnmury his)
H. 3. Wei" A Tuk # Nuvw MXfamt Dela, Oak Rides Nat. Lab., ORNL-1449, Suppl. 11, 29 (1955).

-kmy hi.)

0.. 0.@ 0 0 0 0
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Q" eti1 Il O~ a* a

is* SOW *ZOINA 0L96Ft2ONI20 5OW WI IP M & 0I OIpa 2 ii Goopo. I
r pj Ap*P a" I L 20|

° 3 18451 'L277 24 5.' Vl P,)7@ 78 Op 0o ezam. a
1 5.' 5V:Ps Go.&' 41M9432M.4.
2 O0 So 494384 j.1 L 713 25 2%4 61681.2

6 3M 61a 1. 8

a8 o 4a5'~~6. so.' 03 4606I31 , L 004 26I it8
a Go' WF664 4ML I L4277327 29 621 2 M 2

63515ap & 'P 014 20601
45 '1i) Po a 6611&.06 So 8344•.3 5 5pP, M 852

7 1% 585m3 29 1 46819 .8

7r lI4 $4186.9 31 2%4 63t64 6

S23M 55120,7 i2 ea. 4

r 1% 5184.4 32 094 6M 164

9 2)4 6513& 2 22r 0)4 es 8
r "le. 88 3M2 64213.& 8

10 Wi.Sp'GDi)i Gi' ID 1%4 52M32 496.1 0, 91 34 1% 642i2. 411 3it 55723.3l 8 41t 277rr
25 13) 6441l52.9

2%210 2%4 64451A. 8110 1)4 5586•4. 8
1263M 55 4.5 0 3M 2 64513.2"87 

0i 64763.5
12 lI 5638a 1 3. .30

38 04 6484 .2
13 0 M #4078. 5 9

14 IN4 5673 34 L 3811

15 57287.2
24" 14 64964. 4
130 2%4 65144. 8

16 5p7s 7 'P 57597.83. 3
10 5.' 7-(GO"7 3M 6851.6 .L9 40 1% 6523.0

0%41 ON 65357. 8146 3M 55075.5 I"42 
1 65404.2

17 0 N 5 31 2, 9
10 N 6a450.5350 3I4 51559l.5$

1s 13 6 8 7 4 6 27 0 6 54 7 9. 6

18 2I U1M . 2 2% 6 58.6

19 2%4 588 4 43 W 5pPQWh@)e 6e" 0o 6W5 2

20 o0 59M.9 49 6600. 5

9 0 0 0 0 0 0



Sb 1-4)Wd msd Sb u-C9s

47 2% 665360 66 1%f 09141.G

483% 66743,.7 &7 amt.00

56 ~ ~ 9 6 3 666.
1 I Sam 670516~r m 60

52 0% 67487.7so0 9La
W g j ?,(D~a 7a' D 13453 ~~671666 so2%753.

10 0 29 W310SP Omuawun Tema

so'5 W Wspe So$D

U. (a t*-6)

50 {0o) 6-b IF

Is' 5p'D)u.' 6,7*' sD

Fora podlstod tinu in the spsm~ at the 8b i boaekmk sae quemus, mVol. in,
InttaduSOIam



Sb a

(8 i sequen•e; 50 electrons) Z-51

Ground stats 2pO39 W.•.3aP4aw'404 d54 89WP,.

W' T. IUM. 5 K I. P. 16.5 volts

Thi spectrum should be observed over the entire range. A complete analysis based on
hemqemseno observations a needed. The leading multiplets have been found by lang and
Vestia.. Two other papers on analysis, one by Krishnamurty, and one by Murakaws and
Suwa extend the work, but the three term lists are discordant, and it is difficult to interpret
existing-data in such a way as to provide a satisfactory rmay of energy levels. The writer
has prepared a line list from the wavelengths published by Lang and Vestine (691 A to 7343 A),
and unpublished measurements by W. F. Meggers (1272 A to 8742 A). From this list she
has made a multiplet army of all published levels, and revised all level values, but the lists
are not in good agreement and the tolerance between observed and calculated wave numbers
is inexcusably large.

With intensities and intervals as a guide, she has attempted to reallocate the levels whose
published designations appear subject to question, into a term army that compares not too
unfavorably with that of Sn i and with the second spectra of nitrogen, phosphorus, and amanic.

Approximately 220 lines are classified. Eleven levels have been rejected as unreal; two
odd levels 684101 (J-1 or 2), and 70160.9 (J=1 or 2) have also been omitted from the
table, but may be real. It should be emphasized that most of the designation assignments
of the higher levels ar extremely tentative and require confirmation; in fact, some of the
levels listed may be spurious.

Yamanouchi has made a theoretical study of 10 levels of Sb u from the list by Murskaws
and Suwa. Eight are unchanged in the present list, but for two, namely, the level at 90353.8 K
published as 'PT and one at 88051.9 K as IPs, the writer has changed the respective designa-
tions to 7p 8]3 and Op $PI. These changes are admittedly tentative.

ang adopts the limit 150000 K derived from two singlet series of two members each,
6. 'P*--p ID and 68 'P--sp •S (x=5, 6). This limit gives an ionization potential of 19 volts.
The extrapolated value by Finkelnburg derived from a study of screening constants, 16.7 -h 0.5,
is probably more reliable. The limit quoted above is from the paper by Murakawa and Suwa.

RZIPZRNCUS

P. J. I4m t ad K H. Vestine, Phys. Rav. 4&M3(10M). (I P) (T) (C L)
&.0. Kridmamurty, Indim J. Phys. y0,88(3126). (T) (C L)

. Mrskma and &. Bowa, Repots Inst. BeL Teeh. Tokyo Univ. 1, 121 (1947). (I P) (T) (C L)
Y. Yawmommu Reports nt. 3dL. Toeh. Tokyo Univ. 3.96 (1948). (
W. Pinkelar sad F. Ot., Ply. Rev. 17, ,0 (1wo). (I P)

0 0 S S 0 0 0



Bb n Sbun

Dal&~ J Iad ismami Cowl& Dieft J' Laeyd I1110v

alp'W' 0 go 1 or2 68543.0

I~ ,D 2 127665 so' WMGP) 6p ID 2 666582

soIp W'S 61 33606.0 50 SPM'')P sp 4 0 9621LI

ID-, I, 8MD 1 210 9 ' so(8W7P Tp ID 2 OW4641
2 em8 138L66 5. gC)p ?'6 0 613

$a 210

1ea5,er ad 4D* 1 50 SP(sP*)p Sp ID 1
2 "M8 2 10126L33
3 3

5.'5,ebh) of 5IF*P I 759M 5. 60 p('Po)4f 4f IF 2 105501. 1
3 10470, 2 -K

sew, 5,apo 2 76699.1 4
1 7159.4 -4.
0 5.0SP('PO)6d 6d sp 2 10"M15.

'ip 5~DO 2 7839.9 4

I1or2 822218 l50 S(RP17s 7s TO 1 10746.15

a.soe)6 w5,' pD 1 8382& 27 8 .so P('PO)SP Sp 3D 2 111b663

916883.2 lce 1or2 111579.6
3 86181195lp''d US

1~~ ~ ~ 111694. so7(P)it 6 D

5. 5pma")p OP s? 0 ISSLO 3ip 5 117.
2 917132Or 1 161.

so' sp('e)p sp IF? I 373310 5Be op(sh)se as sp 0
1 118M5.90

lor 2 sun 6 2

2 866262 5' WpP*)6d Ud 'P 0
1 119W4. 1

5'.SPerU Ud 'p 1 W*M 2

5@.3 pM~7p 7p $D 1 96653. a 29 5so Bp($P-)@ so apo I 1197S8L 0
2 90647.3
3 A., ~pe 1I 1*3.

1 96060.4 5' Sp(#PG)7d 7d IF* 1 19817. 0?

5W Sp('P 7p 7p OF 0 --------- ----- --- ------

2 8b m(IPh) usi---- Iso32. 5

liape)u i ape 0
1 sign

Deamba 196L3



U w

(in sequsene; 40 electrons) Z-61

Ground dstate W30 P40 l4P. p e 50 6P T~

or T46 ni4 K L P. 25.3 volta

In 1930 Lang published a list of empirical term values of 8b in, based on an absolute
value of 4f I'-64000 K, arbitrarly Ahmoe by comparison with the run of the terms in the
In I and Smn spectra. In 1932 he and Vestine investigated the Sb 8 spectrum and in the
cous of the work re-examined the Sb m lines. As a result they rejected 5 of the previously
published Sb m tm

In 1947 Murakawa and Siaw revised and extended the earlier analysis, from observa-
tic.. made with a condensed hollow-cathode discharge in a neon atmosphere, as the source.
They retained two levels rejected by Lang and Vestine, namely, the 'P levels 645 K and
57960 . Nine terms re common to the two lists; and the two levels 92948 K and 93417 K
appear with different designation asignment. The limit and tabular data quoted here are
fomn this later pper.

Thee a 49 damifled lines between 691 A and 6926 A. The qsectrum needs furtherstudy-
RUFIKRNCRS

R. J. LaMn Phys. Roy. W, 445, 190. (I P) (TM (C L)
R. J. Lm and 3. H. Vesizne, Phys. Rev. 4, 241 (1932). (T)
J. S& Badam, Natur 1M, m (1905). (hMs)
L Murakswa ad 8. uwmReports In Th. Tokyo Univ. 1, 121 (1947). (1 P) (T) (C L)

Sb m Sb m

C-004. Deft. i Lee Interval Confg Dug. i LAvel Interval

50"P 5,ae IS.'Q861 OP 'r 034 114750.5 1668.0o§ A* 65 , 13o 116M. .

5ew5 5,"P 54865 M 50("4f 4f or 3% 1 1.6 -ft o

64356
50('Si)7# 7s IS 04 143126.8

25 7779L 9 1(68)6d 6d ID 134 14 4 816 2X 0

sow 2P % 9M 9 00C6 2 144918. 65.5' 5ps'p 034 t9048. 9 OGtO 5QB04.'S 04 638.
1% 1019M 5 .S)81 as to 0% 16338&.

5a(.)e Go so 0% 98417.8 t(,'S)5V 51 IG 834,4)1 164302,0

SSO(O 5d ID 13 96811.5 155 9 5OUS)6 G 3%4,43 176539.72% 100•M 4

sew W oo 1 10 1? Sb tv('S) Limit -------- 2"248

January 1954.
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U

(()dx eus 48 elStrell) Z-51

0

Ground state 10 20' 29f3.' 39 3d"4* 4p04 U4W 50 18

30 % "8UGIN K I.P. 44.1 volts

The analysis seriously incomplete and needs revision from more precm wavelengths.
The terms in the table are from Bada&i, who extended the ultraviolet work by Gibbs and
Viewft and by Green and Lang. 14e suggested that the configurations of the two low ID
termn as given below be interchanged. This has not been done since 59p 'D is lower than
5#('S)Sd ID in related spectra of the sequence. His complete array of combinations
contains a total of 74 classified lines between 456 A and 3922 A.

Observed inteaystem combinations connect the singlet and triplet system of terms.
The limit is from Gibbs and Vieweg, who report some second series members and list

absolute term values that fit an extrapolation along the isoelectronic sequence.

RRFBRENCES

J. B. Qm mad R. J. Lao& Proe. Nat. Acead. •. 14, 706 (1928). (C L)
R. C. GUbs and A. M. Viewe. Phys. Rev. 34, 400 (1929). (I P) (T) (C L)
L. &. BadWn, Proc. Phy.. So.. London 4A, 888 (1931). (U P) (T) (C L)
J. K. Mak, Rev. Mod. Phys. 3% No. 1, 64 (1960). (Summary hfa)

SbIv Sbiv
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&P 0 4O 111P8
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of ("a6) Sp (62>5) Rd(N5a) of (S,4)

asini.617008 5.p' 6d 5,D V Fsr7838 O ,,e,.6', 6D 41F*

*Va" p.fisd teun in thM qpet of tl Cd z bodsciamle s•quence, - VoL um. Introdudlon.

SbY

(Agis mequenee; 47 electtos) Z=51

Ground sate 10 20 29O 30' 39 3dw 40' 4V 4dw 5. 'Se

S%5W 4443 K . 1P. 56 volts

This spectrum is very incompletely known. The analysis is from Badami, who has
revised the early work of Lang on the basis of observations by Gibbs, Vieweg, and Gartlein,
added 6p ',% and rejected tone's 6f'fT term. There are 12 claseified lines in the range
M.22 A to 3362.94 A.

TMe limit is from Lng, who derived absolute term values "by treating the f-orbits a
hydrogenic - and obtaining thus an estimate of the F term value." His terms fit a Moseley
diagram of the isoeectronic sequence Ag i to Sb v. This limit may be oonsiderbly in error.
Further observations are needed to extend the series.

REP-mIENCU

L J. La tProe. NaL Aad.S MLM Il, (IM). (I P) (T) (C L)
I. C. GfA., A. M. VkwM and 0. W. lartlein, Phym. Rev. 3K, 406 (192).
J. S. Bad&=, Pho. Phy. So (Londo) 4, 541 (1931). (T) (C L)

Shy Sb v

Config. Desdg. J level intrval Coa& DIsg. o Level Interval

40,,)S). Bess 0o 0 41.,S)6@ 6.61 0o4 224653

409MOS 5p Spe 0" I"I 400d(4S)6p 6p IrP 031 24?N1 3199

4d3( )Ad ad ID 134 201927 1116 -----------------.............

Sb v"MS) Limit ---- 44-

Mareh 1l53
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(Pd i sequosso; 6 electrons) E tZ-51

Oro=Wdstate 10 024 03034"'40 410 UP

40 Vo MUM K 1. P. 1o8 voats

Scohspile classified 31 lines in the interva 883.45 A to 1331.59 A, but did not observe
the resomnanc kies. The lines were classified from a study of a Moseley diagram of the
sequence. Watr, Lrugr and Sboupp reported three kiern in the region between 279 A and
291A as combinations from the ground term, and revised Schoepile's value of 5p 'P*. They
give the limit quoted above and have asiro based their work on a study of a Moseley diagram.
The quoted ionization potential may be in error by several volts. The tabular entries are
from the earlier paper supplemented by these later additions and corrections. The writer
has rounded off the values, and entered the J-value of the parent term by analogy with Pd i.

The singlet and triplet systems of terms are connected by observed intersystemn combina-

The level values of these terms published by L and E. Bloch in 1937 derived from their
own measurnements differ considerably from those in the table, but there is agreement on the
resonance lines at 284 A and 279 A representing combinations of the ground term with 5p Jr,
and 5p D., respectively.

RUEERENCES
G. IL Saho"pi. Pbys. Rev. A3,142 (It=3. (I P) M1' (C L)
P. 0. Kruger and W. E. Mwo&Mp Phys. Rev. A3,124 (1964). (1 P) M1' (C L)
L Rchat& lchU e, J. Pbys. R&& 171S,226(1937). M2 (C L)

Sb TI Sb vi

Conkg. Desig. j Level Interval Config. D-eig. j LeveI Ineva

44" 4d33 19 0 4db~sDq.~5p 5p $DO 3 849670
2 54800 0a

4d-(-D 3 )a. 5. 2D 3 24=20 *, 4d'('DIM)5p I S§7420 -

2 25M8 -2270
4PWe1 253210 -72 4"D('D 5p 5P 'rO 1 "51010

40(tDooise 5s ID 2 256360 44'(DI%,)5p Sp IF* 3 865580

40(Deqs5p &P ape 2 881400 -1107 4AD(1Ds, 4j)5 5V 'DO 2 359170
1 845580 -67

4Dt'DuO)"jp 0 548800 6270-------------

44D(sDq~m5p Sp *r 4 3~48920 8b vn(IDIO Limit----------(8631441
4#(D~u~p3 84UM 3230
4.#?Dt)5p2 1548160

March 1983.
Sb urn

(Cu. i sequence; 29 electrons) Z=51

Ground state 1s' 2.'.21 3.' 39 30' 4 '.

4%K 1. P. volts

This spectrum has not been analysed, but Edldn has observed the leading doublets from
the "-Sand 4p-Sd configurations fromPd xvmto In xcx. Infigure 3of his paper onthe
spectra of highly-ionized atoms, the lines are indicated on the photograph of vacuum-spark
spectra, of these elements from 40 A to 80 A. He states that the doublets have been traced
in this sequence as far as Sb xxiin.

By analogy with Cu I the writer has asumed the pround state indicated above.
REFERENCE

B. EdIdma, Phydmis$13 No.9,8548 (1947).
Mareb 195
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TELLURIUM

Te I

52 electrons Z-52

Ground state 1' 2.' 29 3V'39 3d" 4.'49 4d" 5 5W 8P,

59 3P, 72W7 K I. P. 9.01 volts

The analysis is from Ruedy, who has clasified 62 lines between 5083.0A and 11084.5A
from observations he made by using an electrodeleas discharge tube as the source, thus revising
and extending the early work by McLennan and others.

The writer has tentatively assigned J-values to the members of the 7p IP term on the basis
of the intensities of the combination with 6s VS,. The 'D° terms are listed in the table as
unresolved, although the author assigns J=2 to the observed levels of this series.

In 1929, McLennan and Crawford predicted the positions of the two terms 5p' ID, and
5p' 'So by extrapolation from the first spectra of the oxygen group. These "forbidden" transi-
tions have since been confirmed by laboratory observations, and are described in detail in the
1938 reference below. They are attributed to magnetic dipole and electric quadrupole radia-
tion. The predicted positions of these terms are quoted in the table.

Bartelt revised and extended Ruody's analysis in 1934, on the basis of observations by
McLennan and his associates, and listed 42 classified lines between 1645A and 3175.15A.
Further confirmation of his results based on more precise observations is needed.

Ruedy has derived the limit from the 6 7 P -ns'SV series (n=9, 10, 11), by means of a
Hicks formula.

The Zeeman effect in the spectra of tellurium is being investigated by Vander Sluis and
Griffin at the Oak Ridge National Laboratory. Their extension of the Tea analysis is in
progress but will not be completed in time for inclusion here. This spectrum is in serious need
of further study, particularly in the short wave region.

REFERENCES

J. C. MaLenan and M. F. Crawford, Nature IN4, 874 (1929). (T)
J. E. Ruedy, Phys. Rev. 61, 588 (1932). (I P) (T) (C L)
0. Barteit, Zeit. Phys. 6, 522 (1934). (T) (C L)
H. Niewodniesaski and F. IUpiheki, Nature 14%, 1160 (1938). (C L)
P. F. A. Klinkenbrg, Rev. Mod. Phys. 31, No. 2, 63 (1962). (Summary Us)
J. B. Gren and R. A. Lazing, Phys. Rev. 9, 80 (1953). (Z E)
H. E. Walehil, A Tab•e of Acudear Momew Dats, Oak Ridge Nat. Lab., ORNL-1469 Suppl. 11, 29 (195).

(Summary hi.).
P. M. Griffin, letter (January 1957).
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$For predicted terms in the spectra of the To 1 Isoeectronlo sequence, see Vo l.ai,
Introduction.
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(8b sequence; 51 electrons) Z-52

Ground state 1i' 2.' 293.V 30 3d' 4 4'9 4d0 5.' 5p' VS,

5p9 '58 IO -+-W K I. P. 18.6±0.4 volts

The analysis is by Handrup and Mack, who have revised and extended the earlier work on
this spectrum especially for inclusion here. Their investigation is still in progress. It has been
carried to its present state only with the aid of the excellent Zeeman effect data furnished by
Vander Sluis and Griffin of the Oak Ridge National Laboratory, and of ultraviolet line measure-
ments from plates made by S. Avell6n of Lund University. The g-values quoted here supple-
ment and partly supersede those published in the 1951 reference.

There are 29 odd and 38 even levels listed in the table, of which 4, listed with question
marks, need further confirmation. All odd levels are in italics. The observations extend
from 157 A to 8972 A, and about 300 lines have been classified.

The zeros after the decimal point in the level 71193.00 have been arbitrarily adopted by
the authors because of the inaccuracy of the far ultraviolet wave numbers on which the com-
binations from the ground term are based.

The configurations 5S 5p' and 5.' 5p('P ID 1S)6p are almost completely known. The
authors point out, however, that on account of the effects of configuration-interaction and
intermediate coupling, in many cases the assignment of configurations and LS-designations
has little meaning. For example, at least the two levels 76301 and 78448 contribute to 5p' TPoM.
The limit terms 3P, ID, IS are, also, not indicated in the table for most levels of the 582 59 nz
configurations; and a number of configurations are listed for groups of levels. Ross and
Murakawa have suggested some approximate quantum number assignments.

No series have been found in Te ii, but from the spacing of successive groups of levels
Handrup and Mack estimate the series limit quoted above. Their ionization potential agrees
,Q.l with the value 18.8:0.5 volts interpolated by Finkelnburg and Humbach from a study of
screening constants.

REFERENCES
.J. " Mack, K. Murakawa, J. S. Rons, F. A. Pick, and J. C. van den Bosch, Phys. Rev. St, 684 (L) (1951).

(T' (a. E) (hfs)
J. S. Ron and K. 1Murakaws, Phys. Rev. 65, 559 (1952). (T) (C L) (bfs) (I 8)
J. B. Green and R. A. Lorfr. Phys. Rev. 10, 80 (1953). (C L) (Z E)
W. Finkelaburg und W 1uai.oach, Naturwiss. 43, 35 (1955). (I P)
M. Bernarda Handrup and J. E. Mack, unpublished material (December 1956); See Bull. Am. Phys. Soc. II]

3, 199 (A) (1957). (I P) (T) (C L) (Z E)
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ISO

(On i uaqueme; 50 delsetasm) Z=520

Ground state 112 2' 2vP 3513p# 3d* 40 4p$ 44 50 W~ $P, (jP

W,' &Pe •OM 0 K I. P. 31 volts

This spectrum is in serious need of further study. Kuhnamurty and Rao have classified
approximately 200 lines between 612 A and 6977 A. R.J. Lang furnished them with an
unpublished list of lines in the region between 600 A and 2000 A, to supplement their
observations.

The limit is derived from the two-member series np 'P, namely, 6# 'Po--•1'P, and
6# 'P1--6p 'Ps, and "a very large error is possible when the limit is obtained solely from the
above series in which the first member lies in the extreme ultra-violet." A rounded-off value
is quoted in the table.

Observed intersystem combinations connect the singlet and triplet systems of terms.
The observed g-values in the table are from the paper by Green and Loring.
The writer has revised several of the published term designations to conform more nearly

to the related spectra Sn z and Sb n, and to give better agreement with the observed g-values.
Some J-values of the limit term have been added in column one of the table, and more levels
are entered as miscellaneous than in the published papers. The more dubious levels have
been omitted here pending confirmation. The tabular data are tentative, but should serve
as a guide in the search for more regularities.

REFERENCE8

S. G. Kriahnamurty, Proe. Roy. Soc. London [A) 151, 178 (1935). (1 P) (T) (C L) O
8. G. Kriahnamurty and K. IR Rao, Proc. Roy. Soc. London [A] 168, 562 (1937). (T) (C L)
J. B. Green and R. A. Loring, Phys. Rev. N, 82 (1953). (Z E)

Te r Te III
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so 5PS apt SP 0 0 4751 50 5p('*P)Sd 'FO 2 104708.81 4751 45
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SO 5ps Spx ID 2 17358 5' 5p(OP,&6. 6* 'P* 0 10748N. 1 255, 6
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1 or 2 112121.5
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October 1953.

Te Iv

(In x sequence; 49 electrons) Z=52

Ground state I0 2W 2p# ' 39 U1• 40 4pl 4d'0 5. 5p TPOO

5p 2P~o 205051 K I. P. 38 volts

The analysis is from Rao, who has classified 27 lines between 749 A and 3585 A. An error
in the published value of 7a "S is corrected here. His value of the limit is the mean derived
from a Rydberg formula for the IS and 2D series of two members each. From isoelectronic
sequence data he estimates that the error in the absolute term values "probably does not exceed
about 3000 cm-"'. Further study of the spectrum is needed.

The g-values are from the observed Zeeman pattern of the line 3585.27 A-the only Tetv
line observed by Green and Loring.

REFERENCES

K. R. Rao, Proc. Roy. Soe. London [A] 133, 220 (1931). (I P) (T) (C L)
J. B. Green and R. A. Loring, Phys. Rev. 0, 80 (1953). (Z E)
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To v

(Cd i sequence; 48 electrons) Z= 52

Ground state 11' 2W 2p36 30 3d'U1 40' 4p 40' 5' So

50 'So486244K I. P. 60 volts

The spectrum is incompletely known, but Gibbs and Vieweg have clsassified 23 lines between
603 A and 1549 A. Their absolute term values have been extrapolated on a Moseley diagram
of the isoelectronic sequence. Observed intersystem combinations connect the singlet and
triplet systems of terms.

L sand E. Bloch have observed five additional lines between 358 A sand 402 A, from which
they derive the three following levels: PS 744

6p lei 178788
7# $3, 384459

These levels require further confirmation.
Prom a study of screening constants Finkelnburg and Humbach have interpolated an

ionization potential of 68 volts.

REFERENCES

ft. C. Gibbe and A. M. Vieweg, Phys. Rev. 34, 400 (192). (I P) (TF) (C L)
L et E. Bloch, J. Plays. Rad. [7) 6, 441 (1935). (MF (C L)
W. Finkelnburg und W. Humbsecb, Naturwiss. 42, 35 (1955). (1 P)
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To vi

(Ag i sequence; 47 electrons) Z-e52

Ground stat 1,0 2.' 20 30 39 30' 40 49 4d" 5. %ft

5 a "SS M K I. P. 72 volts

This spectrum is incompletely analyzed. The terms are from K. R. Rao, who has clssified
10 lines in the range between 540.24 A and 1313.90 A. The limit is a mean value of that given
by the as 3S series (a- 5, 6) derived by a Rydberg formula, and of the one given byan extrap-
olation along the isoelectronic sequence based on Moseley's law. The writer has rounded of
the value of this mean. Further observations are needed to lengthen the series and correct
the present inaccuracy in the limit.

REFERENCE

K. R. Rao, Proe. Royal Som. Adon A 18, 220 (1931). (I P) M (C L)

Te vi Te vi

Conk. Dteg. J Level Interval Config. Desig. J Level {Interval
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1M 105150 11814

4d*S('S)d 5d 2D 14 23808I 1644 To v0,8s) Limit -------- 583500
23 239725

Mareh 1953.



(Pd i sequis.; 46 ehotium) Z-82

Grind sdat 10 0p'- m '4 P4d" 6JO

4P %e 11000 K 1. P. 137 volts

In 1933 Schaepi. clsifed 24 lines betwem 784.09 A and 1123.36 A, but did not observe
the rmesoance lime The following year Kruger s•d Shoupp reported three linmes in the region
form 22 A to 236 A as combinstions from the pound term, and revised the earier value of
8V 'P,. Their limit, quoted above, and all the terms are based on a study of a
Moseley diagram for the isoelectronic sequence. The quoted ionization potential may be in
erro by several volts. The terms in the table are from the 1933 paper supplemented by these
later addition and comrections. The writer has rounded off the values, and asigned the
J-value of the parent term by analogy with Pd L

The singlet and triplet systems of terms ae connected by observed intemr tem com-
binations.

The level values of these same terms published by L and R. Block in 1937 as prepared
from their own measurements differ considerably from those adopted hers, but there is agree-
ment on the two resonance lines at 232 A and 227 A representing combinations from the pound
term to Sp 'Po and SpID., respectively.

0. K. 6ebaeqie. Pbys. Rev. 42, TO (19). ( 1P) M (C L)
P. O. Km-w and W. 3. fiouMp Pbh. Rop. 4 124 (IM4). (I P) (T) (C L)
L. oh et R. Boeh, J. 'bys.Rad. [7 S, 224 (1S97). (C CU

TaO i Te vi

CInk. DeIg- j Ia,.1 Intu'iL CV04. DI1I. I l Wv Inlaval

4d * 4d' Is 0 0 QPTP *0~i5p 5p SD - 3 405010 0
2 491610 -17360

4'D,s4 )I. 5@ ID 3 309000 4dP('Dg)5P1 498964dP DoOSe • 23 312090000 -- 30W0 4•• •
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53 electrons Z-53

Ground state Is$ 2.0 21 303 Wj UK Us 4p' 4d" 5.' 510 'PM

5p"PM dUWK 1. P. 10.454 volt.

The analysis is by Kiess and Corlias, who have reobmerved the spectrum, revised, and
extended the earlier work especially for inclusion heme. The new observations extend from
120 A to 23000 A. The Vacuum Spectrograph of the Bureau was used for the short-wave
region. For wavelengths longer than 12000 A observations were made by Plyler and by
Humphrey., who used PbS detector. with an electrodeless discharge as source.

From 2000 A to 13000 A the lines were measured relative to the International Secondary
Standards of Iron. Precise energy4evel values were derived by means of the 400 lines classified
in this range. The values were then used to calculate wavelengths suitable as standards in the
regions shorter than 2000 A and longer than 12000 A, i. e., to correct the wavelength scales at
the extreme ends of the observed range. The final line list thus has internally consistent
standards over the entire range. The total number of classified lines is approximately 625.
Observed intersystem combinations connect the systems of terms having different multiplicities.0

The observed #-values are from Zeeman spectrograms taken in a magnetic field of about
36000 oersteds, with the Weiss magnet of the National Bureau of Standards.

The limit is excellently determined by means of a Ritz formula, from three series:
no 'Pm.(%=6 to 11), uap 'P'e(%=6 to 9), and tad WFj(n=5 to 9).

REFERENCES

S. F. Evans, Proo. Roy. Smc. London (A) 1M,417 (1931). (1 P) (T') (C L)
K. Murakawa, eIt. Phys. US, 171 (1938). (1 P) (T) (C L)
P. F. A. Klin~kenbes--g, Rev. Mod. Phys. Up, No. 2, 63 (19=2. (Summary Uis)
F. K. REsbbch s&d R. A. Fisher, J. Opt. Soo. Am. 44, 68 (1954). (C L)
H. E.. Walchi, A Ta" of Nuclear MomsiA Diala, Oak Ridge Nat. Lab., ORNL-1409, Suppl. 11, 29 (1955.

(Summary hfs)
Rt. Onaks, Phys. Rev. (2) 106, 1178 (1957). (his)
C. C. Kim. and C. H. Cciii., unpublished material (October 1957). (1 P) (T1) (C L) (Z E)
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(re z sequence; 52 electrons) Z=53

Ground state la 20 2p303 3d13 40 490 4P 50 W SP,

5W Tpo IUSO K I. P. 19.00 volt.

The analysis chiefly by Lacroute who reported in 1935 that more than 1200 lines were
known. He published Zeeman data for mmay lines and observed several series. He utilized
the meesurements of L. Bloch and E. Bloch in the region from about 2200 A to 798 A.

Murakawa in studying the hyperfine structure of I ii also reported regularities in the
spectrum, and in 1938 revised the series and extended the analysis. Iacroute carried the work
further and published in 1939 the term list that has been used for the analysis reported here.
Ten levels have been omitted as extremely dubious.

A new description of I n is in course of preparation by Kieus, Corlis, and Martin at the
National Bureau of Standards. The available observations extend from 2023.100 A to 9046.27 A
and include Zeeman spectrograms taken with metal halide lamps as the source. The writer has
revised the known term values from these new measurements by starting with 6p 'P. equal to
100410.00K. These values are given to two decimal places in the table. A complete new
description of I xn in the region short of 2000 A is in progress at the Bureau. Several excellent
spectrograms extending from 800 A to 2500 A have just been obtained. With these observa-
tions, additions and corrections to the tabular data will be made.

There are approximately 500 classified lines. Observed intersystem combinations connect
the systems of terms of different multiplicities.

Martin has added some new levels, extended the known series, and derived the limit quoted
above, from the n 5,5o series (n=6 to 9), by means of an extended Ritz formula.

Most of the observed g-values in the table given to two decimal places are from Lacroute. 0
All three-place entries are new values derived from the Bureau Zeeman data.

REFERENCES

P. Lacroute, Ann. de Phys. (11) 2, 5 (1935). (1 P) (T) (C L) (Z E)
K. Murakawa, Zeit. Phys. 14, 162 (1938). (I P) (T) (C L) (his)
P. Lacroute, Ann. d'Astroph. 2, 318 (1939). (I P) (T) (C L) (Z E)
C. C. Klein, C. H. Corlim., and W. 0. Martin, unpublished material (December 1957). (I P) (T) (C L) (Z E)

In In

Config. Desig. Jr Level Interval Ohs. g Config. Desig. J Level Interval Obs. g

5pA IP 2 0 53 50($D-)6# 6s' 3D- 1 95140.04 15574 0.685
1 7090 --702 938698.78 295929 1.16
0 6451 639 3 96658.04 1.36

50 5p' 5p, 3D 2 13731 5s 5pA 5p' 'Po 1 95963.31 i1.05

S W 5pA iS 0 32629 So 5pa(ID-)Sd 5d' 3D1 1
2 97090. 73 2859. 76 1. 26

5 5p&(48°)6# 6S $8° 2 81040. 11 186 3 99950. 49

5@ 5p& 5p& 'Po 2 81915.0 -2314 42 1. 54 5W' 5p('D-)6s 6' 1D- 2 97,708. 27 0. 996
1 84229.62 -1161 98 1.530
0 85391. 60 0/0 50 5ps(2DO)Sd 5d' $F- 2

3 9818.3. 18 1201. 78 1.24?
5.' 5p(') .  6. a° 1 84850. 19 1.753 4 99384. 96

50 5p('8*)5d 5d &D° 4 86043.6 308.27 1. 480 5. 5p('S*)6p 6p 'P 1 99226. 99 107 54 2309
3 85735. 39 --43& 89 1. 457 2 99334.53 107. 47 1. 714
2 86175.28 _.156919 1.434 3 100410.00 1.622
1 87741.47 -2670.993 1.472
0 9041. -40 0/0 5s' 5p'('D')5d 5d' 'GO 101165. V

' 50'(,80)5d 5d $DO 3 98013.39 2507 6 1.35 50' 5p3('S*)6p 6p IP 2 102620. 89 1.501
2 90506. 76 1. 138 1 101651.59 -135 1.1520
1 9483. 75 04326.99 653 0 103011.47 13.88 0/0

S 0 0 0 0 • S 0 0
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5 5'D')6p 6p' ID 27119090.24 50 5(D°)Tp 7p' 'F 2 135691. 1? 4007.6
50 5p('B80)7a 7a• '' 1 119896. 14 3 139698. 67 4007. 6

4 139507.13 -191.54
50 5p'(P')8d 5d" We 0

1 101085. 11 1.443 S 5pT'DO)7p 7p' ID 3 136104. 20 -311.72
2 2 136415. 92 -_45. 52

1 136871.44
50S 5p(sP-)5d id" 'D- 3 151505.92 1. 17

2 126146. 151 -- 1.1 518 Sp(D°) 7p]r 1 136534. 34
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605 5p('D')Sf" 3 136708. 04
1 0 IRM. '0 -424. 88 0.0 4 196740. 85 1. 21

2 15185. 05 1.453 50 5p('D'3)6d
3 151785.70 40.7 1.424 or 3 2 1.27
4 118S6. 41 47.71 .45 5 5p'(DO)7° 2 8I#I.94 1. 27

50Sip'(P')Sd 5d" U' 3 158687. 82 2t 137021. 77
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5' p( 4 60)7p 7p IP 1 124968. 36 M50 5pl(sD°)7p 7p' 'F 3 139225. 07
2 12 . 79 133. 43
3 12540. 94 399.15 50 Sp'('DO)Gd ho 2 18U66D. 17 1.09
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Si 5(40o)5f 5f 'F 2 126229.61 4783 50('D°)78 i' 2 159641. 65 1.048 125234. 37 4. 76

8 125484.51 3250. 14 Ut 5pl(tDO)7p 7p' 'P 2 139918. 97 125. 28

S140044. 25So' Wp(480)6d 6d MDO 8 15559.68 4M3 1. 28 0
2 155154.88 1 1.095
1 146. 4 -91.54 0. 674 5. Sp(S')98 9 8 2 10965. 27

Sw' 5'('P')6 Wp" SID 1 50 5p'8(4))9 9. '8' 1 14015&06
2 12583105 390&670 0. 83
3 12943& 75 1.32 2 140196.75

S WP'D')7, T. M 1 157897 0.89...........................
2

. 1 (4-1") Limit 154--- IISM

D0mmbe 1950.
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(an sequence; 50 Aslsotrs) Z-53

around sdate 1*2 2.' 293.W 319 34w4.0 41 4j0 5. 5p' SP. 4

59'PS K I. P. volts

This spectrum has not been adequately investigated. Kuishnamurty has reporte 68
lines between 2224.43 A and 3544.90 A, half of which he has classified as combinations among
9 oven levels and 10 odd levels. By a comnparison of isoulectronic data he assigns smeo term
designations and msumies an arbitrary absolute value of 192000.0 K for 6a TO. Accurate
meassurements in the abort-wave region awe needed to establish the pround term and extend
the study. Lacking these, the writer has made a crude extrapolation that places 6# TO, roughly
1540M K above the pround state sero. She estimates the value of the limit as approximately
34500 K, and the ionixation potential as roughly 43 ± volts. The error in all these estimates
is probably lamp.

RUFURUNCE

& G. KYWsnaurty, Proo. vbys. Soo. London W5 277 (19M6. (T (C L)

Au~guit 968

(Cd i sequence; 48 electrons) Zir53

Ground state 1s' We 219 W. 319WU 4s'43 4ds 5'go5

W14 K I. P. Volta

Krishnaurty and Fernando have utilized measurements by L. and E. Bloch to work out
an array of 6 multiplets from 17 Dine in the range 483 A to 919 A. T7hey siugest combinations
giving intervals for the 5p 'P term that are not inconsistent with those extrapolated along
the viquente. Confirmation is needed.

RIWERENCE

8.0. Krihbnmurty and 1. Fmrando, Indian J1. Phys. W3,172 (1949). (C L)

August 1958.
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(Ag i sequence; 47 elseeroms) ZmA3

Ground state 1.' 2a0 21 3033e Pd 40 41 4P 6. %w

56% K I. P. volt

ittle i known about this spectrum. Five lines measured by L. Bloch, E. Bloch, and
N. Maiei have been attributed to I vu and classified by Fernando. The tems have bee
worked out by the writer from these lines.

REFERENNCS

L. Bleah, R. Ba, at N. Fedi, J. Phys. Red. [718, No. 9, 3W (193?).
I. lWUado. Cumrt ad. 17, M (1948). (C L)

IlU I Vn

Conag. Deig. r Level Interval Conk. Deug. J Level Interval

4Pd')# 6 5S 0% 0 4d-( )5d 5d'D 1 27402 2230

UN(IS)rp 0p O0 104960 1500
__________ _____ -1%4 11996Mj____ ___________

March 1963.

(Pd i sequence; 46 electrons) Z-53

Ground state 1 20 2pP 30 3pP 3d" 40 4pO 4P' S

4d' 1S6 1370870 K I. P. 170 volts

Kruger and Shoupp have classified three lines between 190 A and 196 A as combinations
with the ground term, and determined the limit from a study of the Moseley diagram of the
isoelectronic sequence. The writer has rounded off their term values, and assigned the J-value
of the parent term by analogy with Pd x. Two of the lines have been clasified independ-
ently in the 1937 paper listed below. The quoted ionization potential may be in error by several
volts.

REFERENCES

P. G. Kruger and W. E. Bhoupp, Phys. Rev. 46, 124 (1934). (I P) (T) (C L)
L. Bloch, E. Blach et N. Felii, J. Phys. Rad. (7) 15 362 (1937). (C L)

lyVr I vm

Conflig. Defug. J Level Config. Des!g. J Level

4d4dO W8 0 0 5p 'DO 3
2

5p 'SP 2 4d&(ID,)5p 1 555880
4DP('D,,05p 1 509770

4c'('D,)5p 5p 'pO 1 515060 1 ix(*Dn limit -113703701

Mareh 1953.

0 0 0 • 0 0 0 0 *



XENON 4~)

lei

64awestains ZM64

Ground state 1020 1 03p P 3d'a 0 e'4*50"S

W~ %S 97MA. K 1. P. 12.127 volt.

The observations of Xe 1 extend from 925 A to 21048 A. T7hose in the infrared, region
beyond the photographic limit are listed in the 1949 and 1952 references by Sittner and Peck,
and by Humphreys snd Kcstkowski, respectively. The ultraviolet observations have been
extended by Beutler to 926 A, i. e. beyond the limit, 1192 A, reached by Boyce.

The energy levels have been taken from an unpublished manuscript kindly furnished by
EdlIn, who has made a critical study of the published papers on Xe z. Most of the levels are
listed in the extensive term arry given by Humphreys and Meggers in 1933. Three-place
entries are from interferometric measurements. Predicted values, furnished by Edlhn, are in
brackets.

The observed g-values are from the 1941 paper, by Green, Hurlburt, and Bowman.
Poginy has also published a shorter list of u-values.

The limit given by Boyce, 97834. K, has been used for the present compilation. The
other levels are relative to the absolute value of Oaf UC=3076O.353, adopted by Humphreys
and Meggeus.

White has discussed the effect of autoionization on the appearance of higher series members
having the imit T,** Beutler has observed a numbeor of these lines in absorption. The
levels s.'fOMI¶ n-8 to 12 and ,adil%10, n-~6 to 18, are from his paper. The separation of
the two limits 'P%-'Pm as observed by Edlin (1944) in Xe u is 10537.01 K.

The Paschen notation is entered in the first columni of the table. The letters X, Y, T, Z,
U, V, and W, adopted when configurations involving f-electrons were found, are also included
in this oolumn.

As for the other inert gases, Edlin has suggested a pair-coupling notation to take into
account the departure from IS-coupling. By analogy with the other inert gas spectra, and
by taking into amcount the general run of the observed u-values, the writer has assigned the
following provisional IS-designations, although they have little, if any, significance in most
Cam.

Pasobs Dssdg. Pasoben Des~g. Pschen Deaug.

64as P; 3-7do 5.. 95S7 31'" MIDI
(a11.aPl 3-7d& 5- WTIP 31 5d IDI

#I VA 4-7t 5- Wan 3 5d 8DI
(*S. s'Pt 1-74 5- 94' IF F11SdD

3 -9dd 5-lid'?;i
2-4pu -pD 3-74 5- 9d'FI 4-6Y 4.-6f D,
2-4p# :k', -4 5- 94'P! 4-6Y 4-6f 3D3

2-, 64SpAD, 4-6V 4-q6f'D2-Op. 6-9p'D
2-6p& 6-81A P.

0 0 S S91P
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The J-coupling notation in the general form suggested by Ramh kis hers adopted, and the
arrangement is similar to that used for Ne I, A , and Kr I. Because of the wide interval of
the parent term, the high levels observed by Deut-er might more appropriately be entered
after the first ionization limit, as has been suggested by EdMM In the general form of pres-
entation adopted in these Volumes for noble gas spectra they stand out so conspicuously,
however, that no exception in arrangement hau been made for Xe z.

REPER3NCES

0. J. Humphreys, Buy. lid. J. Research 3, 1041. RP 24 (190). (M) (C L)
H. &. White, Phy. Rev. 8, 1736, 2016 (191). (- D)
&. Rmumen, Dawsrdgica, p. 80 (Copibadi, 19). MT) (C L)
C. J. Humphreys and W. F. Megger, Bur. 8td. J. Remearch 10, 139, RP 521 (193). (I P) (T) (C L)
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Paschen Confi. Desig. J Level Ob.. g Pas•hen Conki. Deasi. J Level Oba.

PA Sp1 is o0 o00 3#.-7" 5('P, j5d 5d' (1$]0 2 01447.99 1.274
1 9618. 75

1., 5p'Pt,)6. 6. (14o 2 67088.047 1.5 00 3U' " ,,d' [2W' 2 91153.16
184 1 68045. 668 1.204 ' 3 91747.070 1.126

18, 5p§(,PW6) 6' [joys] 0 76197.05 0/0
182 1 77185.560 L 321 21s 5p'(2Pb)7s 7# [13] 2 85189. 81

2., 1 85440.58
2pt, Sp'('PIM)Op Op [04] 1 77269, 649 1 ,52 28s 5pl(sPk)7s 78' [034 0 95761. 4

2.s 1 •5801. 095 1.3082p, " Op [234] 2 78120]. 303 1. 106
2ps 3 78403 562 1.336

If p (1M 1 7895& US .0 (Pfp 7p [OW1 1 87927. 652 1. 728

2pe 2 79212.970 1.379 3p& " 7p [2YA 2 88352.201 1.123

2ps " Op [031A 0 80119. 474 0/0 3ps 3 88469. 732 1.348

2p, 5p'(IPfj6p 6p' [1)61 1 88379. 647 0. 790 3p. " 
7 p (1%1 1 88745. 081 0. 903

2 89101 880 L 195 3ps 2 88687. 020 1. 347

2p2 " 6p' [0%] 1 89279. 233 1. 552 3ps " 7p [034] 0 88842. 781 0(0
2p, 0 89860. 538 010

4d, 5p1(,PlJ6d 6d [0%)] 0 88491. 583d, 5p(',PWjc5d 5d j0oy') 0 79771. 798 4d& 1 88550.18
3d, 1 79987. 16 1. 395

S" d [33414 4 80197. 16 " 4 [331 4 88915. 195
3d 3 80970.98 3 89015. 89

U3d " 5d [13•'° 2 808. 58 1. 376 4d, " 4,d [1%] 2 88708. 96
3d:1 89. 47 4d, 1 9085. 65

3dC o 5d [24] 2 8196.04 4d; " d 123Q1 2 8948. 75
34 3 85480. 75 4d3 89585 05

0 0 S 0 0 0 0 0 0 0
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lhMtME cuf Da J L*Vd Ob # Pab 00af. Dedg. J evel Ot. I
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&h 5(,Pt,.)7d 7d [(031 0 99O.449 0/0 5,(pb O 10. 10ot, 0•0. 0
d 1 99128. 795 1. 273 5,2 1 11055181

5d; " 7 (331 4 99445.-4• 1.2178.4 3 MO. 6.•6 1.026 6P., 5•('PbO)lOp 10p 0•0%] 1 95154.88

ad, " 7d [1%- 2 957N. 045 1. 196 6pm lop 2) 2 95181 17
5d, 1 95714. 565 0. 819 6ps 3 95197.04

5d'* to 7d 12%) 2 9979. 089 1.073 Opp lop [1341 1 9821697
5d! 3 994•.07 1.263 Op. 2 9523 10

5p(PW7d 7d' [l)0o 2 lep, o 0p [o034 0 9M6 57
5, 1 10419

7Us IPW',)9d [ (0%1 0 M9180.107 0/0
5x 5p'(P1,EO it (134) 1 9336& 199 0.850 7Us 1 9M95.9015 1.217
5Y 2 93366 764 1.10 7g4" U1 [334o 4 95,0.456 1. 237
5T " Sf (4Q1 5 93379.01 704U 3 MU O.5W L 078
z4 9337. 70 7d., " UN [134" 2 8574959r 1.29

SU "2 3 12 3 93401.96 1.17 7s 1 954. 999 0.899
5V 2 93404.484 0.87 7d" '" U (34 22•] 95515.919 0980
5w 5f (334 3 93421.30 7 3 955. 5 1.225

4 93421.40
5sO('PbUOU U'l 1134 2
741 1 105965

4.. SpS('Ij 9. [1o 2 9859. 758 L 496
4., 1 90499. 15 1 154

7X W('PP 7f 71 (14 1 95861. 582
4 , 1 1405 94' [] 7Y 2 95563. 079

7T 7f 14(1 5 95567.65
Pa, 5Sp,(,P ,p 9p (034 1 94067.46 7Z 4 95567.99

5p, " to p (234 2 94110. 66 7U 7f [23] 3 95576 44
5pm 3 94135 04 L 307 72 95577.71

9p (114 1 94169.37 7W t 7f [3%] 3 95583. 59
S[. 2 94190. 75 1.386 4 95583. 67

4 . K •
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GIN 1 $"#91..4 1.In SY 2 64M•67

8(PhI.i I le" 0)4 0 9T " 01 [14Y) 5 9646& 14
Go 1 108187 9z 4 9 M46 28

7pu 5p''tllp lip Oa I (586 31. 3u ,, P (2l 3 96470. 24
#09v2 96470. 90

7pe l" 1 (2543 2 (94.1
7p# a3 u585 a. 9W " P jaYt 3,4 9 647 66

7p lip (134 1 98871.30
P1 23 95679. 91 8se W(1Ptj) l3 13, (1J* 2 9475. 64

7ps " lip [OJ 0 95914.04
5'('?tJ) 13P lp [2Y4 2

8d. 59(SPjM) •1d lOd (03Q 0 9589. 7e 9P, 967.2
ad 1 N~. 9Op, " 13p (1½ 1

8 10" 10d [331 4 4 6070 9p 2 9417.41
M 3 991 5.588 1.081 900 " 13p [033] 94434.60

ds " 10.4 [1Y]J 2 95905. 108
Od, 1 90404. 5 lode 5p(*PbolU 12d 105*r 0 ("M0. 53
S4, lod [(2j4 2 "9. 81 lode 1 M618. 78

R a 9547. 13 10d " 12d [3M° 4 9668. 51

5p(SPb.)10d 10d' [134O 2 1004 9 6685.1
So 1 155 lOd, " 12d [1%]- 2 9605. 65

lode 1 9694.90
8X 5p'($Pt,)O IV (154 1 96096. 7Od

2y 96097.8 1 12d 12%1 3 2 9641. 86
104 3 96649.57

ST " 01 (434] 5 96101. 11 5p('PE.sd 12d, (1)o 2 0
82 4 96101. 3W lO.; 1 107516

su " 8 (23 3 94106.-8
8V 2 98107.87 lox Wp('PJ,.lCtf 101 I1N4 1 0672&j0

sW " 8f (33] 3 96111.68

4 96111.75 1OT " 10f [434] 5 96726. 98
10N 4 96727. 07

7.# 5P'PW 128. 12. [I40 2 M°109. 78 lOU 10f (23% 3 96730. 00
7.. 1 9615. lOV 2 (96730.5]

5p'('Ph) 12# 12., [o0J5 0 loW " 10! [3)13 3 (9673 .51
7., 1 (1066583

8p 5'(Pl.)~p 12 [34 1 (928. 19.. 6ps(2Pbml4s H 14[1%*3- 2 96781. 88
9pe 52j2 U [l114]984 1 [96787.91

8p" " 12p 1234 2 9629.61
8P 3 96299.946 5'('P1tg) 14p 4p [2,)4 2

lOp, 3 96830.658py " 12p [1)43 1 94307. 37
8pS 2 96313. 40 " 14p (14] 1lop. 2 96837. 65
SP, " 12p [0J4 0 96333. 33

lid; 5p'(2PtIl)3d 13d (3341- 4 9845. 8
9d, W('Pfr)lld lie [034 0 o o9685.1 lid, 3 96849.10
94, 1 96815. 67

l9d;' " 13d [2%)- 2 96856.08
9ld" lid ,o 4 "Sit. of lid. 3 96865.05
9d. 3 06884. M7 1. 082 5p'I.) 13d 13d' (1%)1 2
9d" lid [I14 2 96859. 18 11a, 1 [107434)
9We 1 94454.55
9d1rdl " lid (230- 2 9MS443.54 lIT 5ps(sPIt)llf 11I [4V43 5 96919.72
90I 3 94859.07 liZ4

W(P.lld lid' [1343 2 IlU " If !2%) 3 96922.02
9. 1 106989• 2
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M m "& DWI& r laval Obs. t Pm~m Conk. DOW& i Laval 0m..g

1%t wPh iss Is# (1)4r 2 Pon 01 5,'(BPW li lid' [1%)-] 2
1 130: 1 107705

ipI(PW15lp 1ip (2341 2 5Sop'(Pji~d lid, (1)4 2
lips a 96M 3 14o, 1 10780.

134 i"P'bs)14d lid Mir41 4 90741 Wp(SPhN)l~d 17d' (14J- 2
3 li~s 1 107570

W(OPh14d lid' 1134r 2
114 1 107588 ii('Ph,)lId IS& 11)4) 2

-- - - - -- - - - - - - - - - - - - -- 166" 1 107951

XG U(Pbj) Limit ---- I 983 4 XeU(IP%) Um --- 106371.4

Og1ober 19iK

Xe i Ousmavit Lnvma*

ta (02tM op (a 2:6) ad (%a: x 5)

6-,11* TO s-p as s~pP " IpD 59d 'r idaID* 5-9dIF* 4-6f ID

AR-Coupling NoUtAton

Obswved Pain

as 2t 6) up (* 26) ad (ms5) o s 2(u4)

so' 5p''PTj)a &-1481134)' S-1 (343 5-12d (33 -114
6-l5p S24 -lid -1(434

5-l3d 4-91

*For predleed levele In the upecoa of the X9 i bodeetroni. mequose me Vol. mm, Introduction.
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(I x sequsen; 53 elections) Z 6

0

Gounmd stats 1es82~ 2Op439we49p"PdwOWg

59 Pf, JUN71054 K I. P. 21.2 volts

The analysis is from Humphreys' 1939 paper with the revisions suggested in the 1989
paper on Zeeman Effect by Humphreys, Meggers, and do Bruin. More than 660 lines have
been Classified, induding 20 in the ultraviolet from 740.406 A to 1244.766 A reported by
Boyce, in Addition to Humphreys' list, which extends from 2230.79 A to 10220.8 A.

Edin attributes a line listed as Xe z at 9487.76 A to the forbidden transition giving
the interva of the ground term of Xe n, namely, 10537.01 K. He states that the line is due
to a magnetic-dipole tranmtion and that the transition probability is 21 see-'.

The limit is "the approximate Rydberg limit of the .- lectron series", the absolute term
values being baed on the 'PIN series.

The •-values in the table are from the paptz by Humphreys, Meggers, and do Bruin,
and from Angenetter. For the most part, they are average values of the various observers.

Observed intersystem combinations connect the doublet and quartet systems of terms.

RZFERSNCU

C. J. Humphreys, T. L, dsBrun, md W. F. Meag , Bur. Std. J. hemc. 287, RP 275 (1931). (I P)
(M) (C L)

J. C. Boyse, Phys. Rev. 4i 730 (1936). (C L)
C. J. Humphreys, . Researeh Nat. Bur. &. 33 19, RP 1164 (193). (I P) (M) (C L)
C. J. Humphreys, W. F. Me.n and T. L. de Bruin, L. Reseuoh Nat. Bur. Std. 18, 63, RP 1264 (1939).

(T) (C L) (Z 3)
H. Angsnetter, Zeit. Pys. 11u, 309 (1940). (Z E)
B. Zdiii. Phys. Rev. ,248(1944). (C L)
A. 0. UShsmsmos, Proe. Roy. Boe. (A) 313 419 (1963).

Xe u Xe U

Co"l& Deft. I Level Itemra Obs. g Config. Deta J Level Interva Obg r

-1 05 37 50' (sP)5d 6d lP 21 10647& 17
0% law. S -8 1047. 1 107381. 75 - 90& 0.67

p 01 9673.83 2.02 106906. 11 47& 4 1.79

se'oP) 5 .' 51p(SP)sd 3d OD 107904.0 S 1:20

0 101157.51 -6M 17 143 5.' 5p'D)6 6 'D 21 1000. -1 1.22

50 5p'(sP)5d 3d 'D 39 95437. 60 1.38 1% 112924.70 095

95396.68 40.92 .34 5 5'p'0D)5d W• SD 11 111326.93 .124
1 9003144 "13.76 1.18 2% 112703. 58 113 65 1: 13

9688 14 -824.70 0.50

60W3tS UV 4 99404690 1.3 51(P)p 6 OP-' 2%14 f 119884 166.76 1.47
3 988=Go. n24 1.31 O1 111799.08 _I.BM77 1.61

2$113 5 21.91.07 0%4 118675.85 1.50
IW B W(SP)6p 6p 'D* 34 118705.88 19o 04 1. 40

2%j 113519.99 _ 37.21.28
104280.06 -11.L00 1.59 1O 116788.11 -363L 76 1.37A 02 6 L5 %12448 0.56

3. 5p'(AP)Sd 5d 'P 1% 105310133 -634.21 1.15 Us 50('D)ad W IF 2 114751.08 162881.10
01 10597.54 L 36 31 11491& 96 162
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Zo D.,.40wSed d Ze n.-.Coamwmd

oaft DaDl J Lovd Iatev#A Ob..g Co.1. Du. Lerd Imivu Ob..g

si wsmd l"D 234 I1966I""0 so -=M GV 134 I18919. 84
1'402 18

w av",t, op w 034 zISeA St 1os 70 1% 18#185O9t
V 1% 18040168

souvel)ep Op 4SD 12 91 80 L 2 .

li5V~P qj• p Op 'D I 234W SO -1177.00 LU
14 M 1 s.50 1.32 138 04 140011.5

si W(SeP)Gp sp SP tmM4. 61 -ISM 41 1.3316 24 14003. 11 1.06034 8457. 09 - 1.L 16
17- 03 1401M. Whw s,(eu)O a.' 03412l7OS O "s sop'('6p Op" $P- 14 140910o.

hW 5p'QD)U 5d" 'P 127M010? 7 sl 7 03
S127 7.4I 403M, I

Ms GO(ID)Gp W' IF* 2§ 7. I3 1190.684 0.192
1 5'D4. 08 L 1Op6 • r)d Got 'P O 14088. 4 .125

S144140k 2 0.83

hw iS D)5d &d' s 0 I4 129M 5 21 148399. 4 -74 i.19

Wi Wp,('D)Op Op, lo 13 o99m. 87 20 1.40 210 13 140087.004 18741. 09 -)1.7 71
A 184.001 so50'p(BP)78 7. 'P 134 1423812 - 14.8 5 9

SO SGOD)6p W $D 13' 1819M 992 O 90 03 142930. 0 L 05A Isome. a# 2/1' L 2023 061408
w 1•(s? 7s 2P 18507. 7 --07U S L U

2SO -2 1I7L 7 L 40 6h Sp'•P)6d 6d ID 23 1466.0 -1555 .1 L421
§ 1880609 103 13 14(1941 1.04

2 034 1829M.•9 5so 0D)s .' 6D SP 1452217 0M 38

1498M• 4
4J 1881

14 234 1469627. 8 a. L o

i0 SV(8p)6 Ud 'D % 13507. 2 L 39
2 13547. 0 -SL. a L38 26 134 14751. 0

13570. -261. 2 L U
S27' 23 147544.86

16 13 13650. 2 L 18 W 134 147M&56

18 034 136554.17 0.94 go W{'D)6d' 64' SD 13 143065.2 16111 LO07
24149697.3

a~h 134P 145874.9
hi( 8 $6 iiiA A 4 L 14 33O 134 145955.4

134 13664a L 14 85V 234 148S81.0

10 234 18M 5 370 234 1496. 7

16 13 1979. 5 hi Wp(D)6d 6 'F 83 2 164082 3
SO 5p(D )4j? V ' G O 33 trt 1878 8o* 1 sesm
Wi 5Q,(D)4? 4V R" 2f 1875 s15 104.57 41 M 13 1578911

3 418 74 L 9 ---------------.---.------.-.............

12 13 8I0o 8 L 00 Xe m(Ps) ULmit ---- 17108. d

U0 03 13872 4 1.86

r 1 39 S . 4

Januay 1954.
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W ip Sop"S0+

so (a•a) up (mks)

78* P 
-p'

t... P a, W p Pe D*
8W' WpeD)e•' 6. T7' 8D Gp' 21" ip' $DO or

R (Oaks) Of' (it a4)

S5, 6d P 5, 6d :D 5, 6d T
AM 5,6d 'P 5. 'D

W 5ppeD)x' Wd' 38 W'SP 6, ' ID S, 6'P sQ2 4f 'r f GO*

For predicted terms in the spectra at the I i socectronie sequence, as Vol. in, Introduction.

X1m

(Te i sequence; 52 electrons) Z=54

Ground state 1.' 2. 2p3. 3p3 3d• 40 4e 4dP0 .5p' IP

5p' 'P, 2U• K I. P. 32.1 volts

The terms are from the 1936 paper by Humphreys, with the revisions introduced by
Humphreys, Meggers, and de Bruin from a study of the Zeeman effect, reported in 1939.
Humphreys lists nearly 300 classified lines between 2235.35 A and 7653.8 A. Boyce has
observed the Xe in spectrum in the extreme ultraviolet, and in collaboration with Humphreys
has classified 128 lines between 627.393 A and 1978.702 A. "The most intense lines of the
(S) family have been classified by do Bruin". Excepting one level, 6d &D:, the terms found
by de Bruin are incorporated in the present analysis.

Observed intersystem combinations connect the singlet and triplet systems of terms.
"The absolute term values are arrived at from an estimation of the limit of the

50' 5('S)nd `D series", (n=5, 6).
EdlIn has elassified two lines whose wave numbers agree with the ground-level separations

of terms from 50 5W, giving the following intervals:

5W P,-5P $P,=9794.6 K

Wp' sPa--51 D,- 17098.97 K.

He attributes these forbidden lines to magnetic-dipole transitions. His value of the interval
sP,--Pj is quoted in the table.

For miscellaneous levels the designated published numbers have been retained in column
two, with the running electron added. The last six levels have "ni" substituted for the running
electron, since it is not known whether this electron is 6d or 7*.

0 0 0 0 0 0 0 0 0
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Xe u---Cgmý10me . n-C dued

Co"& Do*. J Level Interval Obs.. Config. Dm,*. J Level Interval Obm O
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3 162594.93 06 02 1.08
4 166554.95 1:28 W 5p('PG)6p 6p" 32 1 184000.37

5.' 5p'r)5d 5d#" 27" 2 11810SO 9 U 5p'('P)6p 6p" 34 1 184570. 60

5' 5p''D*)6p Wp' 'F 3 164438 80 L 09 U 51p(3'")6p 6p" 36 1 or 2 185188 20

U0 5p$(ID')6p 6p' 4 1 164511L 82 0 42 50e p'(8*)7a 78 8 1 188058 58

50 5p('D*)6p 6p' 'P 0 166295. 67 1790. 48 60 W(IDO)n R 29* 2 19807.58
1 16808 15 _ 120 94 2 8
2 166880.21 -120594 1.38 " R' 31 2 195977. 80

50 5p('D*)t4f? 4.f 6 4 166355. 52 1.31 " na' 330 2 or 3 19661•.•0

50 5p('D*)6p 6p' ID 2 171990. 00 1. 08 " nxl 350 2 or 3 196357. 90

5. 5P'('1)6p 6p" ID 3 17394&. 80 _400.2 37e 2 or 3 I16608. 67
2 17795. 07 1 18
1 175231.35 272472 0. 65 " 39' 9 3 500050 37

5U 5 10 (3 '" )6p 6 p " 26 1 178029 . 58 1. 5 1 ..... .......... .......... ...... .... ......

U0 5p'(,S*)6d 6d &DO 4 18•521•7 _ 341. 27 Xe zv(eSbt Limit ------- 269M
3 185464.54 -1851
2 18481 75 -68 38
1 185661.1 _ . 66_0 188840. 79 2.6

October 1953.

Xe m Ounazymo Tuzas

Configuration
1.'20 2pf 3 0 3p$ Observed Term.
3UP40 4p 4d-+

50W -8 '0' 'p W-sot 5psp• 5ps sP pe '

no (a,2>6) a;, (.a>6) • (a>5)

5. 5p('80)z 6, 7s 'SO 6p 'P 5, 6d 'DO
6,7# I8 6p 'P S'Do

505plID-) mep .' $D O 'P Op' ID 6p"F 5d"5s8 5d'"DO 5d' IF* 5d' $Go
6s' TDO 6p ID 6p' 'F 1d'IDOo 5d, 'r Sd' W'G

5, Sp'(P).3" 6," ,pw 6p" 'P 6p" 3D
6," 'P"

*For predicted terms in the spectr of the Te isoeleetronie sequence, se VoL ux, Introduction.
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I. iT

(Sbi sequence; 51 electron) Z-644

Ground state io W 2a 23e3 3PdV 4p49 4d" 53 59 48 ,0m

V9S , K I. P. volts

The "alya is by Humphreys, who has furnished the data in the table in advance of publica-
tion. His work is based on observations made by Boyce. There are 83 classified lines in the
interval 558 A to 1249 A.

Further observations are needed to extend the analysis. In caes where the observed
combinations do not determine the J-value, the two possible choices are indicated in column
three. No series ar known in this spectrum.

REFERENCES
J. C. Boyee, unpublished material (1936).
C. J. Humphreys, unpublished material (October 1953). (T) (C L)

XeIV Xe IV

Confi& Desig. J Level Interval Conk. Desig. J Level Interval

50Sp 5P8480 134 0 034 154532

so 5PI 5p D- I~ 1i9sm24 0%6 157205?

50W~p Spa 2r 034 B8OSS? 13847 04 181is 4188 11, X23 159643

1%4, 2 99664 034 161435

134,236 10693 134 163596

O0 109255 03 165281?

I 121929 14 165996

14, 23 125475 O 167208

13 133027 IK3, 2 170132

IK3, 2 134981 134 2 170491

14, 234 136495 134 173221

134 145107 I, 234 176043

134, 234 146205 134,234 179001

134 234 148684 1, 234 186052

January 1986.

0 0 0 0 0 0 0 0 0
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OB I

55 daetrom Z=56

Oround state 1I2021b30 3V394 0pO4d' 50 5'VS4. 4*

Go % 314W71 K I. P. 3.893 volts

A number of references have been used to derive the best available level values from
the separate sets of wavelength measurements, starting with the ground state zero. For the
principal series and the limit quoted above, the results of Kratz are quoted. He has observed
this series in absorption to a-73. McNally and his associates have also carried the obser-
vations of this series in absorption to n=62, and give the limit as 31406.32 K. For the 8D

erai Mack has furnished his unpublished observations of the forbidden lines 6s 'S-nd YD(n=9
to 21), for inclusion here. The work of Meisner and Weinmann has provided data for some
9D, 'S terms and for the 'F* series. Meggers' observations furnish revised values for 6p 'P0
and 6d *D.

The well-known series from Fowler and Paschen-G0tse are given by Bacher and Goudsmit.
Their terms that still need to be re-evaluated from more accurate observations have been
rounded off in the table, namely, 11, 12#28; 5, 6gtG; and 6A"H'. New measurements in
the near infrared furnished by Fisher in advance of publication, give the connection of the
5d ID and nf '7 terms with the rest of the terms, and the quoted value of 7s 2S.

Beutler and Guggenheimer have classified 53 ultraviolet lines observed in absorption,
between 653.60 A and 1007.5 A, as transitions from the ground term to levels above the ioni-
zation limit. The high limits are from the Cs n analysis. These authors have classified four
groups of lines called A, B, C, D, having the respective limits in Cs ix F2*, '1P, sr., and 'P%.
The value of the limit they use for group C (p.0), 150870K, has since been replaced in Ce n
by one at 153772 K. The writer has, therefore, attempted to adjust the series for group C
by assuming that their first series members 5d and 7# are correct as given, and adopting the
best available lines that fit the revised limit. Consequently, their level at 142577 K is now
labeled 6d? instead of 8s; their level at 139694 K, formerly called 6d, has been rejected; and
the 8& level is tentatively placed at 144501 K. The miscellaneous levels, which are the wave
numbers of the observed ultraviolet lines, have been assigned numbers by the writer. The
double entries of J for these levels (unlike those for unresolved terms) indicate that the
existing data are insufficient to determine which value of J is correct.

The ground state 6. %8.n has a hyperfine structure with a separation of about 0.30 K
observed by Krats from 74to 72p P. Mack has also observed it in the 6. 'S-nd 9D obser-
vations from Uf9 to 15.

More than 200 lines are classified between 653.60 A and 7.4 p.

• • 0 S 0 0 0
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(summary hfs)

Col Cal

Config. Desig. J Level Interval Coufg. Desig. J Level Interval

510"6S)#, 68 0 o 0.00 5P6(8) 108 10. 18 O0 28o.28

346 pso 0 117.46 F 334 58859. 6601P 11178. 5 54 1 5 Sp Sf 2% 58559. 765 -0. 102

5p10S8)7s 7 ms 0%3 18535 51

Sp('S) lop lop SP 0 58787.0 0Sp(18)7p 7p IP0 03 51765.6 181.01713.98
13 91946.66 110

p')61 6dD 1 225&8950p('S)9d 9d' D 14 288 90 7.16
2 2258. 89 42.94 23 2883. 062½ 2261.3L

W("8)89 8s 18 0i O 24317. 17 5p$('S)11e le IS 04 "1

510(18)7f 7f Ipe -0.069
2() 0j'4475. -46 -0 176

"SP() SP s 03 55709.1 ~5p(S)llp lip SP ON 59405.68 17.42

13 55791. 78 86 % 2411
Sp'(8)lOd 104 'D) 134 29468. 54

5p@("7)d 7U 2D 1 26047. 86 2(S1 lod 102D 2946& 224 4 68
24 26 8832D 97 24 29473.22

5AM0 8i 0 6106 QS)12s 12# 28 034 29666

5ps(18)8 8f s'F 334 567-1 0172 9678.095 -a.044_gl.• 234 57 9678. 979 -0 4

2 56971.5M5

(Q18)51 i5 'G 34 4% 27010 1 5 1 O 986.5L 87

Sp(S)9p 9p P" 034 57687.59 4. 67 5pQOS)lIld ld D 134 29896.64
1K 57681.9667 23 29899.89 & 25

W(p'8)Sd U ID 2781L 2 L 9f F 8004.515 0.02
13 27822 94 1 1 23 80045.540

S 0 0 0 0• 0 0 0
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_ _ _ _ Cm 11-Cdnod d _ _ Ce 1--cmdaum.d

Conkg. Deslg- j Level Interval Config. Desig. j Level interval

6#"(')13p 13 p 'P* 03 30168.00 & 1 5 p'('8 )2 4 p 24P 'P0  0%4,% 134 1144. IS
19 3p7.1 V(18)25p 25p 2P* 04,% 134 1188. 04

610(" 12d 12d RD 13 319.0
234 30903 13 p'QS)26p 26p 'P0  0%4, 134 81188. 87

21(8lf r 3% 80801. 3890 5;0(18)27p 27p 'P* 034,% 134 1507. 07
2% WON$0 000 pO(IS)28p 28p sP* 034, 134 81528. 09

SpS'8%4 14  0 04 098. 16 & 33 5p'(18)29p 29k, 'P* 0%,% 134 1587.254

5pm'QS)13d 13d 'D 1% 3041&060 5 p'(18)3Op 30p 2P0 034, 1,q 81549.81
2% 3477 p'(18)3 Ip 31P 'P0  034,134 81561. 06

SpIQO) I11f 11f 'P0 3%4,234 30494. 59
5ps('S)32p 32P 3P0 0%4,% 13 18171. 18

5PPS 5P1P r 03 806568.7 4.71
5p')5 Ip'0 13 80667. 98 5p'(18)3 3 p 33p I'P 034,134 8180. 17

Spphs)l4d 14d ID 134 30580. 40 1.33 5p"'Q8)34p 34p 'P0 034,l 134 1188.386
2%4 30581.79 5p$('S)35p 35p 'P0 034, 134 1595. 76

SplIS12 1f r ,q 2 S40935p'(18)36p 36P 'P0ý 034, 134 1805.51
510) 6 6P2* 034 80698. 76
S'S p ''

0  134 80697.55 3.6 5p'(18)37p 37 P 'P0  034,1%34 1808. 61

5p$('8)15d 15d ID 134 30707. 11 085 5p'(')38p 38 p 'P0 034, 134 81314. 51
2 300.65pT(S)39p 39P IP0 034,134 81819. 89

5pl(IS) 17p 17p *P* 034 80796.0 2,9
13 8 0799. 15 5p$(1S)40p 40p I'P 034,% 134 1$2411

5p$('S) 16d 16d ID 134 3080&. 59 6. 5p'('S)41p 41P 'P0  0%~, 11% 813818.47
234 30807.2

Sp'('8)lgp 18P 'P0 034 80878. 07 234 59Q8)42p 42P 'P0  34 1K 4 81885. 47
134 8080. 41 510(13)43p 43P 'P0  034, 134 1886. 19

5p$'(18)17d 17d 'D 134, 234 3088&. 7 (8) 44p 'P0 034, 134 8189. 67

5PO('S l9P l9P 'P0 034 80944. 1.94
13 1 8 0946.43 5p'(18)45p 45 p 'P0 034,134 81842. 84

5pI("8 i8d 18d 'D 134,234 30951. W p(38) 4 6p 46P 'P0  034,1 134 1845. 80

Wp(18) 2Op 20p 'P0 034 80999. 15 1.9 5$1)7 7 2- 0,% 3385
134 81000. 74 ~ 5'')7 'p' 0  04 3 14.5

5p$(18) 19d 19d ID 134,234 31005. 0 5p*(1S) 4 8 p 48p 'P0  034,l 1341851. 18

Wp(18) 2 1p 21p 'P0 034 8104..68 1.37 5p('S) 4 9P 49p 'P0  034, 134 1858. 57
134 81048.00

Wp(18)20d 20d ID 134 234 31049. 5 pS0 Sp'0 3414 885.5

5;0(18) 2 2 p 22p '10 034, 134 1084. 08 5VT(S)5lp 51p 2P0 034,I 134 1857. 96

Wp('S)21d 21d 'D 134,234 31080 7 510(IS) 5 2 p 52P 'P0  034,% 134 819. 95

p'("823p 23p I'P 034, 134 1116.40 15p-('8)53p 53 p 'P0 034,134 82861.80
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VOml. Dug. I Level Intwvml Conkg. Deodg. j Level IInterval
sp'('8)54p ape' 034,13 SISAS. 60 5$6(P). 7. '1 1 158496?0

z$ 6k0'i'V7.4 014 154"1

8$QS)56p "P p ' 04j,1%4 51im6. 78 W oe(&PD)Sd To 70 134 Isom0

5p'QS57p 67p sP- 0%4, 1) A i SI 1S0i(f~ 6 *0(14IO
S P O O M s p p a O Y i n o .d o5 $ a G.( *P V 6 d Od 9 0 0 4 . 134 1 5 9 5 0

lp'0S"S9P up *I- 0)4, 1)4 313569.69o~f ~ 6 00 0,% S
W(" OP 0pIF- 03,1) $371W PA 6.(apiGd 6d 11 0)4, 13 107808

5$(18)61p 61P Spa 034, 13 81370.96a 6(f ~ d 2 ), % I77
510 S)2p62a PI %,34 3174565$a 6e(sPI)Gd 5d' 100 0) 134 157456

W("03G p 63p 'P0 034,I 1 34 15715.6 #9I5 5d' S1. 1% 10

WMQ)6lp Sip JP0  0%4, 1) 51575. 45p 8sl~s 8 p 04 111
W(1)6p 5PSp 04,34 3177595$ Go(SPIJ6d 6d 130 0%4,1% 157087

Sp'QB)66p 62p P TO 0%, 1%34 1578.56 5,6(p~s s p % 110
W(8)7p67 '* M,% 139-65$ 6.(BPI)7d Ud 140 1)4 150559

5$(18)63P 68p 'P* 094,134 $1585. 655s6(Pi7 d 10 03,% 12

5PI'18)69P 69P 2po 034,l 1 34 186.0 65s'I7 60 0 ,% 100

5$(18)70p 70p 'P0  034, 134 3131 .87. 5966O 0 8 4 p % 136
6pQS7l 7P pa OHl% 3182675$ 8.('PTJ5d 5d' 1* 0 ,1)4 15159M

5pQ8)72p 72p 92)@ 034,I 1 34 15783.2 56 8P U 5' 8 % 141

W (48)73p 73p OP - 0)4, 1%4 51579. 6 46 s$ l gd8 9 0% Ij 1 4 1

Ce W Limt ----- 310&715$s 6#('PO)d 8d 2140 0%4,134 156145

w $ (3'8)O 5 6p VP 1)4 134S 1~ 5p6.' &PI)120 12s 0P ),1)4 155850
Sp $('8 I)G 5 Up 2*) 0)4 1 14 M 5181 08sl la l 2 %1

5p 6(sj) d 30 03 17695P, G.(SPI)7 13 d 18 0 0pa ,1)4 137067

W @(PI5d 5dV % 17075$ 6s(BPI) l.? 12a 230 0%,l 155641

5$('S J)7 1  5d 5P0  0,1)4 51585.4 67 #II7 P 2P 374 10

w QS)7po 72 'P0 0)4%) 51585. 58u(m Lmt-----189
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Qsft Dsi/g. I Lavel Interval Coaft DW& J Lavel Interval

CA uePO) L4. ... 1--- 15.s Sp, leQPiJ9 9.' $1" 0o 14"M

l os t Gdo '4Po 034 }14U77 p' 6('OP0) 8d, 0V 03K,1% 150404
Spa bQPI)9 U' $1O 034, 134 15151W 894PI6d Gar 24- 0%.,1% 614M*1d d 10 0,1 SII1

Sw W KPO9d Wd' 32 Os. 13 151744
W W .GPOed I is 03 ap1½ 143877

W p e8&)6(f? 1o 1i0' 'P0  034 151W
W 68('DP8 s a' 'pe O% 141501 S1p 6QPt)10d I0d' 33 034,13 155MB

5pa6('P)e S' 'P 03? 14M9 p'.('Pj~ld lid' 64" 0)41½ 155755

W GeP(OUTd 7d' 27 034,13 147688 W 66(sP[)12d? 12d' 35" 03413 1599

Wp 6e POld 7d' 28° OK4 1% 147994 yS .e PO Lnp -------- 155775

' GQs(P)Td 7d' 2' 034, 148 15 Ce n(&Pl) Lima ------- 15458

Fehruary 1985.

CAIn

(Xe i sequence; 54 electrons) Z=55

Ground state 1' 2. 2pO W 3p' 3dO 40 
4pl 4d* 5.' W9 'S

59 'S% 202 3 K I. P. 25.1 volts

The analysis of Cs ii was started by Sommer in 1924 and has since been revised and ex-
tended by Sawyer and his associates. There are nearly 350 classified lines, and the observations
extend from 564.25 A to 6955.519 A.

The levels listed in the table are from the 1942 paper, which contains an array of the
observed combinations. From the descriptions of the lines given in the various papers, in-
cluding that in the 1942 paper on "The Hyperfine Structure of Cs ji", and, by analogy with
Xe x, the writer has tentatively assigned the Jl-coupling notation to levels from the 6, 7s, 5,6d,
and 6 ,7p configurations. These assignments need further confirmation and are far from defini-
tive. Trees has pointed out that configuration-interaction is prominent in this spectrum;
consequently, further assignments of the pair-coupling notation are very difficult. The
numbers used by Wheatley and Sawyer to label the many levels have, therefore, been retained
in column 1 of the table.

The limit is from Boyd and Sawyer, who derived it by means of a Rydberg formula from
the two-member series 5W1,--I[0%, n=6,7. The higher member of the limit term has
been obtained by adding the interval of the ground term of Ca nt, 13884 K, to the limit quoted
above.

REFERENCES

0. Laporte, G. R. Miler, and R. A. Sawyer, Phys. Rev. 3, 458 (1932). (1 P) (T) (C L)
J. Olthoff and R. A. Sawyer, Phys. Rev. 43, 766 (1932). (T) (C L)
M. A. Whestley and R. A. Sawyer, Phys. Rev. 61, 591 (1942). (T) (C L)
R. A. Boyd and R. A. Sawyer, Phys. Rev. 61, 601 (1942). (1 P) (his)
J. E. Mack, Rev. Mod. Phys. 33, 64 (1950). (Summary hUs)
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Am- [ nmvd Au-
umn codg. Dem J Love[ luteval VIA_ Cof. Dds-. J Lewd Znterval

w 1, 4 0 OLo 022 1 1WO5. 81

86 SF(Ph a s )Jm 2 10759t 85 241 2 159717.91
Qf 1 1079. o01 5• 0 1•86555.9

181s p b' o 6. [Or 0 1oss". 5
141 1 l5w". 08 261 3 163 55M

291 2 164444.841 5pItaPJd 54 (O4 0 107855,. 14
21 1 1oo95. 77 30t 1 164485. 70

"61 o ad (14e 2 102504. 19 s1i s(SPbj)7d, 1 16460. 77
7t 1 110045.18

1JU. 32t 5(IPhj)Sa, 1 16519 70

It 3 106049. 74 331 5p(sPw)6d 1 165545 10

9 54d [2Mr 2 11#7•9 08 341 2 165800.08
101 3 115716. 61

i5l 3 1w6117. 75

1Sf 1 15m5. 44 361 2 16611. 11

"121 of' [23r[% 2 150404.87 371 3 166000.74

38f 2 166687. 05
is w(PtO6p 6p [031 1 12651&. 54

2s 6p [234] 2 12806983 391 2 166961.57
3a 3 129107.65

401 3 16701& 97" " 6p[134J 1 129989.7
5a 2 130766. 0 41! 1 1674,4.01

"6 " op [0M] 0 13315. 54 421 0 168751.56

71 5p('Pbj)p Op' (134] 1 141IM 59 43f 1 169815. 40
92 2 143394. 19

441 S(IPIK)8, 2 169585.87", " Op' (034] 1 143351 12
104 0 14452& 45 45f Wp'(RP *9a, 1 1705M. 90

161 5(sPt,)7# 7. [1 2 14M5. 06 461 5p'(DPiW•7d, 2 170504. 8

1 471 5pb(sPi.t)S. 3 175544 W5

273 5PI(sPih)7 7.' [1034 0 165094.50 481 3 175896. 5
28! 1 165180. 20

491 0 175544. 51

5('Pbtw6d 6d [0%3 0 o01 1 173857.00
17! 1 149605. 55st1 1791451f 1 175951. 45
191 6 d [1Iwo 2 155791. 49
18! 1 155179. 5 2 5spi(P) lO 10. [(134 2

6d1%f 452t 1 1"04& 50" ed [$½3'? 147555
221 3 15678.17 27s 2 18879L 09

205 6d 123•4'? 2 15551 57 2(6 2 191002. 05
213 3 155556.54

25s 3 191103. 04

ill W('Pti)7p 7p (0341 1 15596. 45 24, 2 192475. 51

"12 " 7 p [2)41 2 156115. 18 23, 3 192530. 6213, 15651i, 1 21, 1 192675. 63"1" 7p [1341 1 157062.46
14, 2 156757.30 22s 3 197642. 3

"16e 7p (034 0 15774& 28 20, 3 200406. 90

17, W(2PbjTp 7p' 1I 1 16 096. 39....................................
19, 2 168525.71

"87p' [0%1 1 167453. 71

0 Cm u(sPIb) Liwi1 216147
Janury 1954.

•



(i sequence; 53 elecrons) Z 655

Ground state 10 20 2p' 3#3 39 3dT '4 40 3 5. 5, WP"I• 2

STIU K I. P. volts

This spectrum needs further study. Fitzgerald and Sawyer have classified 17 lines
between 529.7 A and 877.9 A as combinations of the ground term with higher energy levels.
By analogy with Xe u the writer has labeled the third level in the table se ' 2S. The re-
m n "even" levels are probably from the 50 5p4 d and 5055,' W 8 configurations.

From a study of screening constants Finkelnburg and Humbach have extrapolated an ioni-
zation potential of 34.6+0.7 volts.

REFERENCES

I. A. Fitzgerald and IL A. Sawyer, Phys. Rev. 4, 576 (1934). (T) (C L)
W. Finkelnburg und W. Humbach, Naturwim. 4. ,35 (1955). (1 P)

Cs in

Conflg. Deag. j Level Interval

505pA 5Pr 1 0 -13884
09 15584

5•. j 5p"8 0% 127786

186146

138453

145655

155040

167872

181758

18254I

188794

January 1985.
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BARIUM0

5 electrons Z=-5

Ground state 102.'*223e3p'83d'4'494d3 5e'5p6•e'S,

60' %8 42M3.4 K I. P. 5.210 volts

The Ba i spectrum, like those of Ca i and Sri, has contributed an important share in
the development of the theory of atomic spectra. Russell and Saunders in 1925 included
Bax in their discussion of terms involving two excited electrons in addition to the "regular"
series. White discusses these terms further in his paper on "Auto-Ionization in the Alkaline
Earth Metals and the Inert Gases."

The "regular" terms have been taken from Saunders, Paschen-Gotze, and Fowler, with
the revisions suggested by Shenstone and Russell in 1932. The limit is also from this later
paper, which discusses in detail the perturbed series of BaI. Whitelaw, Langstroth, and
others have also investigated perturbations in this spectrum.

Sullivan and Burns have improved a number of the energy-level values from their accurate
interferometric measurements of Ba i. With these as a start, the writer has prepared a line
list and multiplet array, and revised the decimals of the remaining values for inclusion
here. In the long-wave region she has utilized Meggers' 1933 data supplemented by his 1935 0
unpublished observations. Russell's unpublished material (1933) has also been placed at her
disposal for this work. In this revised list there are approximately 390 classified lines between
2473 A and 30934 A. Observed intersystem combinations connect the singlet and triplet
systems of terms.

The writer has derived the g-values in the table from the Zeeman observations given
by B. E. Moore. The measurements published by Moore (A)/X') have been divided by the
factor 1.09 throughout, a correction factor adopted to reduce them to the theoretical Land6
patterns for a few very well-known lines. For unresolved patterns the formulas for blereAs
given by Shenstone and Blair, as discussed by Russell (1930), have been used.

A monograph on Ba x is needed. The existing data are not homogeneous, ever though
the spectrum is well analyzed. The complete analysis is given in the 1955 Bureau reference
below.
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7Bax i Ba I

Gcolas. Deds. J l.veg tnterval Ob. g Coag. Dsig. J Level Inteval Obs. 0
3so 6'5 0 0 00 60(s)8p 8p 'PT 1 85899.518

6.(s)Id 3d U D 1 90385 18L 533 0. 53 5d0D)6d 6d' G 3 3894 28 454 70
2 9215. 518 38.03 1. 18 4 36348 98 488. 52
3 9506.651 1.38 5 36837.50

4('S)5d Ud ID 2 11395. 382 L 00 8d(D)6d d' D I 5933 825 266 598
2 36200.423 42&,451p p 0 "M. 0M1 370 595 3 3602 87! tea., te 370 12 !4

2 1 738 8 2 L 52 5d(D)6d 6d' IF 3 3616& 311 1.50

60(lS)6p 6p 'P" 1 1806a 54 1. 02 6d('D)7p 7p' IF* 2 68654. U8 276. 4053 86511. M66 00.1
8d('D)Op 6p' 'P0 2 "064. 661 882. 777 4 87185.0843 OS47. 48 8ON. M3

4 58757. 077 Ud(sD)6 6d' '8 1 3644& 683

5 UP 'D 2 2306 06 5d(ID)7p 7p' 'DO 1 495. 770 567.64
2 87068.81 476. 95d{eD)6 Op" 'D 2 5807S4.416 3 87540. 5S8

w soa p 0 23209.11 27]L 90 d(ID)6d ud Ip I 332 55
I 23480 01 438. 93
2 2391& 94 5d('D)7p 7p' 9p1 0 86908.01 8101

1 86990. 016 292. 06
Wd('D)6p 6p' DO 1 54195. 057 339.47 O. 54 2 87585. 08

2 54581. 5 483 L 16
a 54979. 859 L 32 6.(lS)8a 8s '8 0 37041. 00

5d('D)6p 6p' ape 0 5645. 157 6L 98 5d(ND)Tp 7p' 'DO 2 87077. 50
1 55704.140 252,409 L 52
2 558596549 L 52 Sd(ID)6d 6d' IF 2 37088. 844 415 18

3 37504.02 228. 21
6.(28)7a 7s '8 1 26160.284 4 37732 23

5d(2D)6p 6p' IF* 3 56816.98 1. 09 6.('8)98 98 's 1 37095 492

6o(,8)7# 7s IS 0 28230. 08 6,('s)5f 5f ,F" 3 87585. 175

S('D)6p ep' 'Ps 1 58554.257 1.02 68(1S)5f 5f '8F 2 8•794. 9 24.042
3 87418. 967 105 2176(vS)6d 6d 'D 2 30236 815 4 57594-184

62(28)6d 6d 8D 1 30695. 594 55.075 6(S)7d 7d ID 2 37434.9562 30750L 689 6.41L 11
3 30818. 110 I7441 1.32 Sd(ND)6d 6d' 'P 0 37675. 84 347.38

1 38023. 22 244. 45
6@(18)7p 7p 'P* 0 80743.533 72. 029 2 38267. 67

1 80815. 565 171. 715
2 80987. 577 D)Tp 7p' IF* 3 S7739.9

6.('8)7p 7p TpO 1 8$547. 076 1. 07 68('s)9p 9p 'pO 1 87774 50

Sd('D)7* 7.' 'D 1 32804.99 138. 61 U 5dD)6d 6d' ID 2 37837. 40
3294& 60 581 81 6#('8)Sd Sd ID 1 37961.919 12. 272

2 37974. 191 14.294
UdeD)7# 7s' ID 2 33795. 84 3 37988. 485

68(2S)8 So'S 1 33905. 349 5d(sD)6d 6d' iG 4 38177. 10

6pa Opp '8 0 34370. 78 68('S)9g 98 IS 0 38267. 59

6SO Spa SP 0 34493. 898 329.(522 1d'D)7p 7p' TpO 1 88499. 855
1 34823 420 39 2 153
2 3561M. 947 7 2 1. 56 6.(')8d 8d ID 2 38556. 18

6#(SS)4f 41 'F• 2 8460. 805 13. 881 0 ý('S)10s 108 iS 1 38682. 91
3 34616. 683 14. 126 6
4 84680. 809 i•s)6y 6f TO 2 38815.735 2.683

3 38818.M18 6. 847
6#('8)4f 4f 'TO 3 84786. 458 0.. 4 38885. •65

Spa Spa 'D 2 35344. 423 1. 21 6.('S)6f 6f 'TO 3 8884. 00

6.o(0)7d 7d ID 1 35709. 308 52901 6('-8)9d 9d 'D 1 39140. 70 17. 19
2 35762.211 2 39157.89 27.86
3 35785. 302 3 39185.75
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Ba k-C..inma Da I-C~mSdam

COMnIA. Doft. J Level Intern! 0s..# Ccuaft. Deft. j Level Intsvial Obs.

" AftSl~ lop 'P I So"6 74 6.(*) 12p 12p 'P* 1 40451.55

"A 9 ID 2 3983494 G.('S)gf 91 We0 3 4M614. 15

6I('S)11a 11. to 1 39624609 6028M9 91 IF* 2 40614.16

61(06)?f If or0 2 5967& O06 6 4 40657. 75
3 5965a( 2.40
4 SM8e1o 140 6.('B)18 uf 'Pr 2 4089M.97 3.42

3 40896.59 - L62
61108M7 71 OF* 3 59O0. 11 4 40897.07

Bd(ID)4j? 4,' I'P? 2 59765.51 6.(Ps) 111 11 V IF 4 41096.5 so -0
3 3 41096898 -&3
4 2 41100.#5

611(118)811 10d ID 1 3989119 1304 s.('S)121 1?4f or 4 41547.58 OL5
2 398948 3 1. 3 41547.04 -32
3 39905.15 2 41550 56

I or2 5990645? 6.('S))13f 13f SF- 4 41884.5 " OL2
3 41964.96

G.('8)11p lip IP, 1 5994. 75 2

641(28) Sf ff SFO 2 40M 691 146 60(18) 14f 14f IF* 4,3,2 41456.78
3 40841.57 165 .')5 5 P0 432 45004 40544.09 1MN 11I* ,, 130

G.(')Sf S/ IF* 3 405567.65 ------- --------- -----

6s(')lIld Ild SD 1 B. in('&.W Limit----------42611 4
2 40380.32 23
3 40382.68 23

December 195&.

Bat Otmavun Tuama*

Configuration
1.3 2.' 2pI 3p$30 Observed Terms

5111 w SP I

Op' { p"8 6W ID

a.~" (aft 2! (n6)

B(Dx 7j' ID 6, 7p' 'P0  6, 7p' 'D: 0, 7P' 'r
7s' ID 0, 7p' P0  6, ?p' D 6, 7p' 'P

ad (n Ž:5) n1 (n Ž4)

O6eSMaz 5-Ild ID 4-15f 'P0
5-U 9dD 4- 9f IF*

5d(ID)au' MdS '8 Gd P 6d' 'D Gd' F Gd' G 4f' 'P0?
6d"P GI d' 'D 6d" F WGd"

*For predicted terms In the spectra of the BOO xisoelectronic sequence, see Volume rii, Introduction.
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(C i sequence; 55 electrons) Z-56

Ground stat 10 2. 2930 39 3d" s4p 49 " 5. 59s ft

6@sS. M .ST K I. P. 10.001 volta

Although the early work on this spectrum has been revised and extended, a monograph on
Ba u is needed. The series are well known, but the observed wavelengths are heterogeneous
and do not give precise level-values throughout.

The analysis is from Rasmumen, supplemented by additional series members reported by
Saunders, Schneider, and Buckingham. Interferometric measurements have been made for
a few lines of B& u. Sullivan and Burns have utilized their observations to derive improved
values for six terms. With these as a start the writer has adjusted the decimals of other terms
from the wavelengths given by Rasmussen. Rounded off entries in the table are from ultra-
violet measurements in the 1934 reference.

The limit is from the '0 series reported by Rasmussen. He notes that the 'F series ex-
hibits perturbations such as are well known in Al ix.

Approximately 85 lines are classified between 1397 A and 14000 A.
The observed g-values entered in the table for 6a % and 6p 'P?. have been determined

at the National Bureau of Standards from Zeeman spectrograms on which the line at 4934 A
appeared as an impurity. The other g-values have been derived by the writer from observa-
tions of the lines at 5854 A and 6141 A, reported by Back; and from those given by Moore.
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BanI Ba n

Config. Desig. J Level Interval Obs. g Config. Desig. J Level Interval Obs. g

W(•68) 68'S 034 a00 1.974 5p'(,S)7d 7d D 1 5980031 94.67
23 59894.98 946

510('8)5d 5d'D 21 3 487& 825 800 974 Q 79
2 .74. 824 1 12 5pTS)8p 8p 'P, 04 61388

5P1('S)6p 6p ,Pe O ML 56 1690. 860 0 672

134 51961. 4" 1.32 5P'QS)59 5g 2G 3{ ~ 63026.53
59("8)7, 7s 'S 0o 4235& 182 1.98

59('S)6f 6f 'F' 23 64696-. 31 10 7
W('))6d 6d 2D 13 45949 496 20 39 0. 79 33 64697. 08

21 46154. 89 1. 18
Sp'QS)98 9 3'8 034 65683. 41

39Q8)4f 4f F* 23 4888590 224.70 Sp('S)Sd 8d 3D 134 6667& 80
334 48485. 59 23 66725 41 51.61

5p'(QS)7p 7 p 'F' 034 4980. 05 621. 17 3% { 68425. 87
134 50011.5550869 6 G 1

5pW(18)51 51 'F 23 57890. 98 240. 71 W5('8)7f 7f 'F' 23 695•1. 70
3 57631. 64 3% 6960. 48 4& 76

5A(8)8 8s 'S 034 5802. 18 1 5p$(')10s 10# IS 03 70014. 72
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Ia u--COsaf d Ia n--Cgdtmed

Conagf Duuis. J Level Interval Obs. g Confl4. Da.ig. J Level f Interval Oh-. g

51$ B)gd Od ID I 170620L 40 31. 47 5p('8)9V 9g 'G { 4 76244. 09

Ip(8S dD 2$ 70651. 87 4 1

5'37g 7g '0 3{ 1 716 81 5g P'(') 101 101 3F- 2% 75451 1
5p'(8)8f 8f 'F- 2% 79142. 70 27. 47 5p'(,S)12d 12d 3D 1$

3$ 71170. 19 2% 75945. 85

5p4(QS)l1a Ila '8 0$ 72705. 33 5p'('S)10 lOg SG { 3 76279.64

5p('S) lOd lOd 3D 1% 73101.90 20.F33
2$ 73121 23 5pI( 1 if ll IF" 2% 76413 16

3$ 76489SP(88 8#, {G 13 17379 4
4%8 5 ) 1 It l o }gg 1 3. 1 }77046

WOW 9/ 9F* 2$ 74091. 00 17.92

3$ 74108.9* 5p'S1)129 12# '0 { 3 77%

5p(18) 12# 12s 2S 0$ 74491. 51

5p'(QS)lld Ild ID 1$ 74765. 73 M 93 ----------.......... .......

2$ 74779.66 1Ba m(z'Q) Limit ---- 806 87

February 1954.

Ba iv

(I a sequence; 53 electrons) Z= 56

Ground state I s2 20' 2p6 3W' 3p 6 3d1n 40 4p6 4dO0 5p' 5• -- 4

5p I MP0  K I. P. volts

This spectrum is very incompletely analyzed. Fitzgerald and Sawyer have reported the 22 0
levels in the table. These levels account for 53 classified lines; 13 between 570.1 A and 740.0 A,
and 40 between 2220.15 A and 4591.72 A. The writer has labeled the third level, 5p6 2S, by
analogy with Xe ii. The authors state that the levels in the middle group are probably from
the 5W 5p' 5d and 5s' 5p4 6s configurations, whereas the higher odd levels, 196000 K t4 198000 K,
are probably from 5W' 5p4 6 p.

REFERENCE

M. A. Fitzgerald and R. A. Sawyer, Phys. Rev. 4", 576 (1934). (T) (C L)

Bany Baiy

Config. Desig. i Level Interval Config. Desig. j Level Interval

50 5p 5pS 'Po 1% 0 -17830 2$ 158998
0$ 17830 2$ 163254

58 5pO 5p' 'S 0$ 152963

1$ 175431
2% 154481

2$ 175926
3$ 154631

0%2$ 196549

or 156738 2% 197504
1$

3$ 197698
3$ 157656

1% 197711
0$ 157741

1% 198005
2$ 158170

2% 198758
2$ 158444

2$ 198889
3$ 158750

January 1954.

S S 0 0 0• 0 0 0
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LANTHANUM

5? el..treo Z=57

Ground stato 10. 2 20 2 3 3a 3e' 3w 40 4pA 4d5 6'6 5 ad 6.0 ID m

a Mwu 4  M K I. P. 5.61 0.-03 volts

The analysis is from Russell and Meggers and is based on Meggers' observations of Zeeman
effects and wavelengths, which cover the range 2647.13 A to 10954.6 A. There are 540 clasuified
lines. Observed intersystem combinations connect the doublet and quartet systems of terms.

The analysis is well confirmed by the 1932 Zeemsn observations, but the eartier measure-
ments have since been largely supplanted by further study at the Massachusetts Institute of
Technology. All but eight of the g-values in the table are from the 1945 reference.

The limit is from three series of two members each, namely, 6, 7s 'F, 6, 78 F, and 60 ID,
7# ID. By comparison with Ca& , Sr i, and Ba x, the authors introduced a correction to the dif-
ferences of the Rydberg denominators amounting to An*-=1.060 for the 'F and TF series, and
M=1.010 for the 2D, 'D series.

The authors point out the significant fact that the electron configurations of the lanthanum
atom anticipate "the atom building process which accounts for the rare-earth elements."
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(Summary hfW)

Lai Lai

Confk. Deals. J Level Interval Obe. V Conflg. Desig. J Level Interval Obe. g

5d 6as a'D 1 0.00 OL 798 5d 6#(a 'D)6p S 'F 1% 13560.86 370.672 093
1.1982% 18681. 08 138& 47 1.2092% .3% 15019.56 1223.70 12

50F(a F)6. a'F 1% 266& 20 41 16543. W2% 3010. 01 I4.8 &050

3% 3494.58 4 7 .239 .D)6p ,'D° 0% 14095.70 613 261% 14708.96 794.714% 4121.61 627. 1.338 2 1550. 67 59. 61
3% 16099.588

50(a IF)6# a IF 2% 7011.90 1040. 25 0. 893
3% 8052.15 1.137 5d 6(a ID)6p SID* 2% 14804.10 -227. 5 1.08

1% 15031.66 O5 917
5dP(4 IPAS* a P o% 721. 36 2 102. 648

1W 7460. 06 259.710 1 704 5d 6#(a 'D)Ap S IF 2% 15196.80 1341.64 0.906

2 7679. 94 18. 1. 498 3% 16538. 44 1.19

50'(b 'D)6v bID 1% 844& 03 Q I 942 60'(a IS)Sp S I'F? 0% 15519.0 106 roe 0
2 9183. 77 7 1.250 1% 16280.10 L 329

5d0(a IP)6s asP 0% 9044. 21 7 0.690 5d 6.(a 'D)Gp V IF' 2% 16858. 85 105o. 36 O. 810
2971.44 GM 23 1.23 3% 17910. 18 1.086

5d 6s(a ID)6p S Ipo 0% 17667.66 229. 74
0(.a 1)6# 4G'O 4% 9919.94 -41.02 1% 17797. 0 359.070

3% 9960.96 0. 91 2% 18157.00 1.175

S S 5 0 0 0 0 0 0
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La I-C~samed 
la --CMIId

Cooig. Dealg. J Level Interval Obe. # Coi. Deg. J Level Interval Obt. g

,,(.,)SP s. 2% 17947.18 65& 79 1.063 50(b D)6p w'r 0%
3 8,. " 1.051 1 571M. 17 L 33852& 39•.8 1. 173108½3 98& 0000117.40 1.290 &P(b ID)6p u IF* 2% 57898 W0 4& 54 a 881

Sd eo(. ID)6p V'DO 1% 1817159 12070 0i802 3

2 179.944 1.186 41 I si- 2% f7669. 88 87 72 0. 87
3% 58564. 10 1. 00

U 6s(e 'D)6p Ir 1% 50019.00 -- I 38 1.020
0% 80197.388 . 60 5 1 1½ 7749.06

5#(a'F)P 14 1% 108.0o 255.28 & 731 5P(b ID)6p w 'D* 1% 57968. 58 537.86 i0836
2 50838.80 425. 01 1.013 2% 58506.89 L 20
3% 50768. 81 1.178
4% 51384. 06 620 75 1. 278 5d(a IP)4f w 'D° 0% 58898. 47 306. 06 1 10

1% 19199. 53 302. 64 1.16
50(a 2F)6p a IF* 2% 50971. 51 6. 894 2,% 0950417 1.263

3% 11661. 61 839 O 995 32% 9894.591 3 1.3,2

Wd(e 'I)Mp s sG* 3% 51447. 95 873 1. 103 4f P 'D° 114 18971. 8 03.75 0 71
4% 1*85. 85 837. 86 1. 15 2% 19775. 57 L 253

50(a IMF)6P y 'DO 0% 55546. 64 192. 73 -0. 22? 33 29461. 33
1 % 51439. 7 364.89 1.192
2% 55804.16 1.362 60 0% 19664. 95
3% 23803. 31 499.05 1.183

34? 29594. 81
1 3% 5311. 16 1. 078 Wd(a IF)Ts O F I % 2987t. 89 479. 435'(a sP)6p a 8*8 0% 58160.90 1.89 2% 3035274.82 93

2% 310354.3 70& 37
3% 31059. 69 864. 21

20 4% 53466.85 1.12 4% 31923.90

5dW(a IP)6p x 4D° 0% 05558. 38 IT& 38 0. 152 70 1% 599W8. 78 L 492
1% 53704. 76 341.30 1.135 2
2% 54048. 06 17 272 16 7 30417.47 1.
30 32% 003(o4 t37p o IF 2 30788."40 17M 42 1 16

35 2% 23549. 41 1.6 3 80964. 8 1.16

5d 6s(a ID)4j w 2F0  2% 53875. 00 0. 957 90 2% 30896. 88 1. 424
3% 14409. 70 53 70 1. 17 5 ( G IF)T 6 atF 2 % 31119.08 98 %50

40 1% 54173.86 0.72 3% 32108. 58

0 'F0 ? 2% 54507. 89 87057 1. 159 5d 6s(a 'D)7s s ID 0%
3% 25378. 46 1. 13 1%

2%
5dI(a SP)6p s ISO 1% 54639.27 1.781 3% 31287.65

5d'(a 3F)6p z 2D* 1% 24761. 62 455. 63 0. 855 4f r 'F0  2% 31477. 16 66& 44 0L 92
2% f5518. 55 1. 244 3% 35140. 1.16

5dP(a 3F)4f z 'F* 1% 54910. 39 7& 94 0. 724 5d'(a IP)6p u sD° 1% 31751. 68 741. 12 1 80
2% 24984. 38 39& 00 1. 063 2% 32495. 80 1.145
3% 55380.33 61 1. 228
4% 55997.57 6.94 1.319 5dI(a IP)6p wPV 0% 35590.55 91& 95 0.70

1% 33104. 10 1. 27
5d'(a 1G)6p z 3H0  4% 55089. 50 785. 18 0. 94

5% 15874.68 1.11 5d'(a IG)4f y21'H0  4% 35410.76 107.36 1. 92
5% 35518.10 1.11

Sd 6.(a 'D)6p z 'p0  0% 55453.95 49& 47 0.985
1% 55950. 39 1. 433 35 3328& 50

31 25568. 49 100 36755. 38

5d'(a 8P)6p V ,p o  0% 55616.90 26. 12 2.29 110 3%? 87731.90 1. 18?
1% 55643.0 69 12 88 1.600
2% 26W88. 90 1.524 120? 39597.58

32 5% 25881. 53 130 39631.57

5d0(a 3F)4f V 'G* 21 57022. 60 43 74 0. 57 14: 4032*. 45
3% -7455. 34 633.84 0. 976
4%4 28089. 18 1. 159 15° 40343. 40
5S 287,3. 51 654. 03 1. 28

5ds(a IG)6p VIyGO 3% 57138. 50 487. 19 0. 94
4- 27619. 69 1. 12 La zx(a 'F,) Limit 45293

Febmary 1955

S •S S 0 0 0 0
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(e sequenee; 56 eletron) Z=57

Ground state 10 2.' 29383 39 3d" 4.0 4p4&0 58 5p' @ 'F,

a 'F, 9 K I. P. 11.43±0.07 volts

Meggera' observations from 2142.81 A to 10954.6 A have resulted in the classification of
728 lines. The extensive analysis by Russell and Meggers is of particular interest because
the study of La i, La ix, and La Iin "shows that the atom building process which accounts
for the rare-earth elements is actually anticipated in the electron configurations of the lantha-
num atom." In addition, La nx "is the most completely developed example of a 2-electron
spectrum which has yet been investigated;" at least ten types of configurations are known
"and almost all of the terms arising from each."

The Zeeman observations available in 1932 were extremely useful in assigning the term
designations, but have since been improved and extended at the Massachusetts Institute of
Technology. The g-values in the table are from the 1945 paper.

The dubious ID, term at 64706.76? has been rejected.
The limit has been derived from the ns 1'.D series (n-=-6,7) having the limit 5d 'D in

La in, and the nd 3D series (n=5,6) having the limit 68 'S. The term a ID is used in both,
since a ID and a 3D, belong to both the 5d(2D)6s and the 6s(IS)5d configurations. In deter-
mining the limit the authors have assumed the difference in the Rydbcrg denominators,
An*=1.05 for a running a-electron and 1.15 for a running d-electron, by analogy with Ca i,
Sri, and Ba .

The authors ascribe two triads 3P*D*F* and 'P*D0 F* to "6p 5d" electrons. In assign-
ing limits these electrons could belong w ;. either of two limits, namely, 6p( 2P°)5d or 5d( 2D)6p.
Since the 2D limit term is the ground tL.-m in Lam and the 'Po limit is 42014 K above the
ground term, the triads are here entered with the lower limit.

Observed intersystem combinations connect the triplet and singlet systems of terms.

REFERENCES

W. F. Meggers and K. Burns, J. Opt. Soc. Am. and Rev. Sei. Instr. 14, 449 (1927). (hfs)
W. F. Meggers, Bur. Std. J. Research 9, 239, RP 468 (1932). (Z E)
H. N. Russell and W. F. Meggers, Bur. Std. J. Research 9, 625, RP 497 (1932). (I P) (T) (C L) (G D) (Z E)
G. R. Harrison, N. Rosen, and J. R. McNally, Jr., J. Opt. Soc. Am. 3S, 658 (1945). (T) (Z E)
K. Murakawa, J. Phys. Soc. Japan 0, 391 (1954). (hfs)

La ii LAII

Config. Desig. J Level Interval Obs. g Config. Desig. Ji Level Interval Obs. g

54d a IF 2 0. 00 1016810 0. 721 5d' acG 4 7473. 32 1.000
3 1016. 10 1.083
4 1970. 70 1.248 Wd' b 'D 2 10094.86 1.005

Ud('D)6s * 'D 2 1394. 46 0. 977 68(18)4f z 'F0  2 14147. 98 227. 19 1. 6643 14375. 17 1323- 57 1•.0565d('D)6s a 'D 1 1895. 15 696 45 0. 498 4 15698. 74 1. 247

2 2591.60 1.133
3250. 35 658.75 1. 334 6s('S)4f z 'F* 3 15773. 77 1. 017

d' a SP 0 5249. 70 46& 42 0/0 Sd('D)4f z 'G* 4 16599. 17 0. 969I 571 &. 12 5 . 0 1. 497 F
1 2 6227. 42 1.481 5d('D)4f y3F0 2 17211.93 1023. 63 0.754

Gs I a IS 0 7394.57 0/0 4 19,14. 54 97i 98 1.232

" 1 4..... . .. . .. 1 .
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La l--Coantianed La U-Cootfa.ed

Conig. DNW6. J Level Interval Obh. V Config. Deg. J Level Interval Obt. = F 0
5d(%D)4f S 'H 4 17855. 6. 60 7 , 7 . 846 5d(ID)Gd f '3 a 5267. 88 4 0. 861

5 18680. 41 116.21 1.017 4 U 37 1 L 06
6 19749. 6 1. 178? 6 54434.65 L 21

&d(ID)4f a'D* 1889. 41 0. 923 5d(2D)6d .'P 1 53302.56 1.336

6d(ID)4f 3G* 3 50401.85 2 0. 757 Sd(D)6d I 'F 2 53885. 24 O. 751
4 21881.60 961 30 1. 049 3 54840.04 1. 088
5 20850.90 1.197 4 &5321.36 4 1.136

SdOD)4f ,D* S .'441. 78 0. 542 5d(3D)6d 6*8 1 54365. 80 1. 455
"55106. OR 431. 28 1. 167

3 05537. 80 1. 288 5d(3D)6d a'S 0 54793. 82

5ID)4f 8 sp* 0 55688. 70 21 45 0/0 5d('D)6d e'P 0 54964. 19?
1 55706.15 541. 78 1.431 1 5 6230.33 1.552
2 58546.93 1.459 2 5603& 60 1. 203

Sd('D)6p V'Do 2 24462.66 0. 887 41P eH 4 55107.25 874.94 0.883
5d('D)4f F 3 5 755982.09 85585 1.033

IfD 3 F452.70 1.034 56837. 94 L 14

5d(ID)6p y $DO I 56978. 87 1414. 74 Q. 782 5d(ID)6d g ID 2 55184. 05 L 183
2 57888. 11 927 14 1. 168
3 58815. 25 . 1. 308 5d(ID)6d IG 4 56035. 70 1. 027

5d('D)6p z F*F 2 26414. 01 4 0. 825 57864. 15 1. 07
3 26887.66 1727.74 1.088
4 28565.-0 1.245 41' 01F 2 57399.58 51&92 0.675

5d(ID)f3 57T91t723915087 340.91 1.085
5d(D)4f • 'P 1 27458. 91 0. 8764 58259. 41 1. 196

5d('D)6p y 'p0  
0 27545. 85 608 70 0/0 20 4 5874& 90
1 P8154.55 14& .50 1.267
2 29498.06 1.471 4f' gIC, 4 59527.60 1.046

5d(ID)4 a 'H0  5 28525. """ 1. 004 2, 3 59615. 64

Sd(sD)6p y P 1 80858. 38 1. 074 4f1 h 'D 2 59900. 08 1. 035

6a(*)6p rtpo 0 81785. 82 375.17 0/0 f fp 0 60094.84 103399 0

S 8160.99 42 1. 492 1 6112& 83 1 1.528
2 88320441 . 494 i2 62506.36 . 1.416

5d(sD)6p z 'F* 3 822l. 05 1. 005 40 4 60744. 17 1. 25

6p('P°)4f • 'G 3 35452.66 1720 13 0.876 50 3 61017.66

5 390172 74 184i. 95 1. 127

37174 1.21 6 3,4 61514-46 0.97?

6p('P°)4f e IF 2 35757.53 1167 12 0. 719 Ipt i-D 2 62026.27 1.054
3 36954. 65 835. 92 1. 0614 37790. 57 1. 01613 4f' e'1I 62408. 40 1. 003

6p('P°)4f e 'F 3 37209. 71 0. 944 4f' g S 0 63463. 95 239 23 0/0
1 6370.3. 18 7 1.471

6p('P0 )4f e 3D 1 38534. 11 --312.62 0.497 2 64278. 92 1. 414
2 38221.49 118L 06 107 70 4 6.598. 87 1.205
3 39402.55 1. 27470 4 615871.5

6p(IPO)4f e 'G 4 39221. 65 1. 059 6s('S)6d h 81 1 64361.28 168 .62 506S~2 64529J. 90 168 691.21

6p('P 0)4f e 'D 2 40457. 71 1. 036 263 642 169 I.217
3 6469¶2. 59 )

6z(sS)Tp 'tpO 1 45692. 17 0.999 80 3 (4411 17 0. 97

5d(ID)7# f ID 1 49733. 13 15 22 0. 500 p6p f iS 0 66591. 91 0/0
2 49884. 35 1344. 22 .117
3 51228. 57 1.315 6p('P*)7p? i 3D I

Sd('D)7s f 'D 2 51523. 86 1. 036 3 6923.. 90

5d(ID)6d f IF 3 52137. 67 0. 987 4f' V S 0 69505. 06

Sd(ID)6d g 3D 1 52169.6 565 15 0.621 .....
2 52734.81 54.75 1. 154 . .40

3 53689. 56 1.218 La iii('D,) Limit 92240

March 1954.

0 0 S 0 0• S 0 0 *
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600

Js u Omaainuu Tuas*

a, 5D a IG

BpS { I'S p iD
w I f .8 i ID g*F•o

4j 4 ID gI G 'Il

as (a a) ap (a 6)

5Ia. D y TO y 'DO z IF*

a 'POpD '

6p(,1*)xx,, i 'D?

isd (a>5) -J (it_4)

54'u IS .8 .sP :-D f IF f -G x IP* s ID: F x' c'G* 'HO
S 18 SIP 'D 'F f'G as IP , T vO s , G° s nHo

h{ D IF*
zIF*

6f(1 *' ID 'F s 'G
6pe 0 )r" ID I'F *SG

*For predicted terms in the spectra of the Ba imoelectronio sequence, see VoL al, Introduction.

0 0 0 0 0 S 0 0 0



La4

(Cs I sequence; 55 electrons) Z-57

Ground state 10 2 2p& 30 3VI We 482 4p' 43 W 5 4 9 4 Da

5d 'Du 154680 K I. P. 19.17 volts

The analysis is from Russell and Meggers, who have extended the earlier work on La in.
Lang has added the 5f 2F

0 and 8& 2S terms from his observations in the short-wave region.
Fifteen lines between 1081.61 A and 3517.14 A have been classified. The limit is from the
6, 7. 'S series. In deriving it, Russell and Meggers have assumed that An*=-1.050, by com-
parison with the run of Rydberg denominators in related spectra from Ki thru Baul.

Gibbs and Shoepfle have reported that from additional observations between 500 A and
2100 A they have extended the n# IS and nd ID series to six members, and located more 2P0 and
possibly IF* and IG terms. They also confirm the above limit. Unfortunately, their new terms
are not available for inclusion here.

REFERENCES

H. N. Rumell and W. F. Meggers, Bur. Std. J. Research 9, 625, RP 497 (1932). (I P) (T) (C L) (Z E)
R. J. Lam, Canadian J. Remarch [A] 13,4 (1935). (C L)
R. C. Gibbs and G. K. Sehoepfle, Phys. Rev. 45, 747 (A) (1934).
J. E. Mack, Rev. Mod. Phys. 32, No. 1, 64 (1950). (Summary his)

LamI

Config. Desig. J Level Interval Obs. g

5(128)5 5d ID 134 0.00
2% 160. 23

5p0('8)6 6.81 03 13590. 76 1 10

5p'QS)Ap 6pP 0 4501495 309& 72 0. 03
1? 45l 6164 L 37

5p'(18)7# 78 IS 03 8234& 0

5ps(1S)6d 6d 2D 14 8237& 75 433 76
2K 82812 51

50MV)5 5f OF- 2% 91454.6 8.
33 95584. 6 80. 0

5p'WS)8a Ba'S 03 113496

La xv('S,) Limit ----------- 154630

April 1954.

0 0 0 0 0 0 0
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S0

HAFNIUM

Hf I

72 electrons Z=72

Ground state 1' 20 296 3' 39s d18 40 49 4d0 4f1 50 5p' 5d' 60 IF2

60 To K I. P. volts

The analysis is by Meggers, who has made a supreme effort to submit his results for inclu-
sion here just as press copy for this Volume is being concluded. The work is not completed.
He plans to make further observations in the shortwave region and to continue the analysis
with the aid of electronic computers.

The present line list extends from 1917.73 A to 12043.08 A, and is based on recent observa-
tions made at the National Bureau of Standards, by using microwave-excited quartz tubes
containing hafnium iodide, as light source. The Zeeman Observations (2600 A to 5000 A)
are from spectrograms taken at the Massachusetts Institute of Technology, supplemented by
observations (to 8700 A) at the National Bureau of Standards. At present there are
approximately 2000 classified lines.

Meggers has pointed out the unique character of the Hf i energy levels. The two sets of 0
levels "odd" and "even" overlap throughout their entire range. This dovetailing of the two
sets is so pronounced that it causes confusion if all levels are arranged in numerical order.
Consequently, in the table the two sets are listed separately, with the "even" levels preceding
the "odd" levels.

The large number of "even" levels for which no term designations can as yet be assigned
suggests that the configurations 5d4, 5d2 6s 6d, 5d 6. 7#, and possibly 5d2 6p are all represented.

No series can be established with certainty from the existing data. By comparison with
neighboring spectra it appears likely that the ionization potential may be near 7 volts, thus
placing the limit near 56500 K.

REFERENCES

W. F. Meggers and B. F. Scribner, Bur. Std. J. Research 4, 169, RP139 (1930). (T) (C L)
W. F. Meggers, J. Opt. Som. Am. 44, 348 (A) (1954). (Z E)
D. R. Speck and F. A. Jenkins, Phys. Rev. [21 101, 1831 (L) (1966). (bin)
W. F. Meggers, unpublished material (June 1957). (T) (C L) (Z E)

HfI Hfi

Config. Desig. " Level Interval Obe. g Config. Desig. . Level Interval Obe. g

W0.0 OF 2 0.00 235&68 a.695 5dW 68 a1G 4 10532. 54 1.008
3 235. 68 2210.96 1.083
4 4567.64 1.240 Sa'(b 'F)6# a'F 1 14092.28 64& 40 1 00

2 14740.68 932.65 1.25
3 15673.33 1093.27 1.361 60 a$p 0 5521.78 105 1 77 0.000 4 16766.60 1134.468

1 6572. 55 2411. 20 1. 500 5 17901.28 1.40
2 8983. 75 1.300

5d'(b 'P)6# a 'P 1 20784. 87 12& 55 1.74
2 2090. 42 1290. 66

P 6' a'D 2 563. 62 1.165 3 22199.08

K -
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Hf t-cmftmd H --Csumi

Coota. Deft J/ Lewd Interva Obe. , Coaols. Deeg. J Level Interval Obi.L

W6 ')6e b SF 2 2327.71 7 90 3 4260L 90 1.15
3 2•88014 -71 57
4 261L al 4 42670L 81 1.24

W( )Al 5 2406 14 2 42719. U .19

2 25064.14 1 42782.55 1.83

3 25261. 81 2 43016. 47

3 25678 60 3 43489.28

3 2671 37 1 43561. 76 1.47

1 2691 14 4 4383830 1.30

4 204. 50 5 44131. 99 1.40

2 28M 54 2 4437& 42 L 35

1 28527.97 4 44777. 50 L 25

2 30146.40 3 45088 28

3 31054.64 1.09 2 45254. 91

2 81119. 20 0. 89 1 45270. 13

2 31619.97 1.02 3 45364.84

1 32091. 59 1.16 1 45474. 60 1.41

1 84991.64 050 3 45649.36 1.18

2 35115. 28 1.11 2 45728 62

3 36528 84 1.26 3 45994L 60

2 87083 83 1. 06? 2 4600& 21

1 37336.20 0.48 2 40181 08

2 3889. 38 1.09 3 46280 26

3 39127. 61 1. 31 4 46282. 34

1 89286.19 0.22 2 46437.72

1 39546. 34 . 81 2 46860.75

2 3978889 1.02 2 46961.96

1 39790. 70 . 58 3 46966.61

0 39648. 87 4 4692. 38

2 40130. 23 1.21 2 47304. 97

2 40513 55 1.11 3 47345. 93

1 4061 62 1.50 4 47606.21

2 40636.20 1.07? 2 47702.41

3 40882. 06 1.23 1 47874.44

2 41211.03 1.45 3 47938. 44

2 41298 36 0.83 4 48022. 20

3 41475. 84 1.27? 3 48049. 43

3 41739.36 1.33 1 48129.57

3 42061.59 3 48319. OS

1 42111. 70 4 48356. 90

4 42175. 58 1. 30? 2 48407.27

4 42288 48 1.34 2 48594.84

r • 0 0 0 0 0 0 0 0 *
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0004 Doig. Jr Level Interval Obs. Coolg. Deaig. 1 J Level Interval Obs. g 0
3 48596 99 59 ft(b D)6p s iD* 2 31610.80 1.00

2 4870& 40 2 S1943. 84

3 48809. 77 5 68(a P)6p SP* 2 31i . 1169.23 .0802 33121.48 11.69' 2 .3 4

3 48869.43 3 33139. I 1 1.442

4 49008.35 3 31538.30 0.950

5 49640. 65 1 33137.87 0. 775

4 4962& 40 2 38538.15 M 822

3 49791.86 3 33949.58 1.09

4 039& 21 4 8399471 1.04

5 5140& 65 2 33994.86 0 93

1 34596. 45 0. 972

5D 6s(b 'D)6p x'D 1 14017. 83 214& 3 0. 55 4 54806.89 0 997
2 18163.36 22 13 1. 17
3 18381. 49 1. 29 3 34877. 04 0. 960

50 a(b 3D)6p OF* 2 1445. 13 10& 55 0.89 2 34947.95 1.16
3 14541. 68 368& 31 1. 08
4 1814- 99 1.24 1 884.33 1.055

,Ws 6(sa F)6p s'G. 2 18011.05 1281 64 0.40 3 35453.83 1.002
3 1919*. 69 1667. 40 O. 95
4 A0960.09 1941.25 1.16 5 35993.70
5 /[901. 34 1. 25
6 4 36075. 00 1. 07

W 6#(b ID)6p s*P* 0 18*70.11 1274 0.00 3 36237.34 1.042 0
1 18143.37 1647.93 1.43
2 19791. 30 1.41 5 36419.26

WF 68(d F)6p 2 6F* 1 R1738. 70 71186 004 3 36609.85 1.255
2 "450. 56 99& 05 1. 283 3448.61 I 13362 1.202 3677. 85 1. 164 54785. *3 1417.30 1. 3.3

5 f6801. 53 1.36 4 38850. 03 1. 09

5d' 6o(b 'D)6p zxF° 3 53644•74 1.075 1 36949.19 0.53

5Si 6#(a 4F)6p iSD* 0 14966. 78 227. 69 0. 00 4 37569. 8,
1 5194• 47 1. 45
2 *5634 .1 49 1.742 1 38151. 71
3 71. 57 1. 42*6305. 78 1210. 63 1. 400
4 *7516.41 1.475 2 38341.47 1. 154

Wip 6#(b ID)6p zIP0  1 26463.93 1.000 3 38407.80 1. 29
5 38845. 44

UP 6.(a 4F)6p y sF* 2 07149.64 504. 68 1.15 4 38987.31

3 *7654• 30M 90 1.153 4 38987.83 1.14
4 30733.0t 3 1.28

3 39081.86
509 6(a IP)6p y spo 0 *8556. 19 1.200

1 57633.75 1967.69 1.266 3 39193.91 1. 29
2 *9401 44 187 92 39435. 20 1. 367

5P 6o(a 3P)6p s 888 1 *8047. 91 1. 94 1 39704. -41 0. 625

50 6o(a ,F)6p y D0  1 28790.S6 6522 86 0.196 2 40194.46 0. 5102 8*67. 39 1729. 42 1. 145

3 *9996. 81 1.23 2 40267.35 1.08

5¢P 6@(a ,F)6p s 3G* 3 58583. 69 66196 0.95 1 40704-12 1. 15
4 *9*46. 65 1730.34 1. 071
5 30976. 99 1.21 3 40767.44 1. 22

5oP 6o(a 'P)6p V DO 0 2, 3? 40957.54
1
2 59765.84 189. 67 1.50 1 41193.97
3 3134•.51 60080 1.39
4 319413.31 1.41 3 4145*. 43

0 0 0 0 S S 0 0 0
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ComMg. Dfg. J Level Interval Obs. V Contg. Daig. J Level Interval Ob.

2 41768.67 0.927 3 46110.

3 41824. 58 2 45188.88

1 4#M. S7 1.23 3 45485.15

2 4•50. I O. 87? 1 45799.48

1 4•485.0 O. 86 2 46170. 1I

4 "1871. 0 L 15 3 48775.98?

3 43104. 71 1. 09 2 46981. 50

2 43617.8F 3 47590.09

1 43786.58 o. 17 4 48047.90

1 43•44. 63 2 48951. 97

1 44557. 54

June 1957.

Hf i OBSERVED TEuas*

10' 2. 2pI 3s 3ps
3d's 4' 4p$ 4dG Observed Terms
4j4 5s' 5ps +

5(P60 a &P a'D a8F a'G

n, (n2_6) np (n2t6)

5d& 6(a 'F)nz z &'D z 'F° z &G'
Y 'D° Y'3F zSG*

50 6&(a 4P)nz zpo V I'D'

W• 6#(b 2D) nz zp * z sD° z IF:z 'P z'D z I'F

W6s6(a 'P)nz zIS* Y pP.

500 JF)nz a IFb IF

5WF(b 4P)nz a 'P

*For predicted terms in the spectra of the Hf i isoelectronic sequence, see Vol. in, Introduction.

Hf u

(Lu i sequence; 71 electrons) Z=72

Ground state 1s2 20' 2p4 3.' 3p6 3d10 48* 4p6 4d1" 4P4 5.' 5pg 5d 6.' 'DjW

a ID,, 120000 K I. P. 14.9 volts

The analysis is by Meggers, who has reobserved the spectrum, revised the level values,
and extended the 1934 analysis to include approximately 950 classified lines. The new observa-
tions extend from 2005.36 A to 8804.35 A. Observed intersystem combhuations connect the
terms of different multiplicity.
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Hf u--Cadtvued

The observed g-values are from spectrograms taken by Meggers in 1949 at the Massa
chusetts Institute of Technology, through the courtesy of G. R. Harrison. 40

In 1954 Gehatia reported a theoretical study of the low even configurations of Hf Iu.
The agreement between his theoretical and the experimental energy level- and g-values is
excellent. His predictions have enabled Meggers to find the energy levels c 2D,% and b Ip.,
listed in the table, and will doubtless serve to locate the high 5(P 2D term, when new observations
of Hf u in the vacuum region become available.

Although Hf ix belongs in the Lu i isoelectronic sequence so far as atomic number is
concerned, it does not have the structure of a rare-earth spectrum, to which f-electrons con-
tribute. Meggers points out the "remarkable parallelism betw°een the 1Hf xi and La i spectra."
From this analogy, together with the assumption that e 2D and e 'F form series with a ID and
a 'F, respectively, he derives the approximate value of the limit quoted here. He plans to
extend the observations to shorter waves in the near future, with the hope of improving the
series.

REFERENCES

W. F. Meggers and B. F. Scribner, J. Research Nat. Bur. Std. 13, 625, RP 732 (1934). (1 P) (T) (C L) (Z E)
(G D)

M. Gehatia, Phys. Rev. 94, 618 (1954). (T)
W. F. Meggers, unpublished material (January 1957). (T) (C L) (Z E)

Hf Ii Hf ii

Config. Desig. J Level Interval Obs. g Config. Desig. jJ Level Interval Obs. g

5d 60 a 3D 1% 0.00 0.787 5d' a IH 51 30941.97 -- 5 77 1. 10
2% 3050. 88 3050. 88 1. 173 4i 31877. 74 1. 05

5d2(a IF)68 a 'F 1% 3644. 65 1260. 20 0.425 5d 6#(a ID)6p z 3P* 0% 33136. 20 3237. 22 0.217 0
2% 4904. 85 1439. 49 1. 052 1% 36373. 42 1. 323
3% 6344. 34 2017. 42 1. 236
4% 8361.76 1. 328 5d 6s(a ID)6p z 3D' 23 33180. 92 -943. 01 1.036

1% 34123.93 0.800
5d2(a 8P)6# a'P 0% 11951.70 969.24 2.598

1% 12920. 94 564. 62 1. 664 5d'(a IF)6p z 'G* 2% 34942. 36 3551& 17 1. 044
2% 13485.56 5 2 1.410 3 38498. 53 3892. 56 1.104
S 6h a 'F 2% 12070. 46 0. 4 204 2391.09 3817. 96 1. 16853%(a IF)6s a IF 23 12070. 46 3013. 80 0. 964 53 4620.9. 05 1. 27

3d1 b 'P 01' 35146. 73 2177. 49 0. 74
5d0(b 'D)6s b 'D 1 1 14359. 42 3009. 45 1.034 1% 37324.22 1. 28

2% 17368.87 1. 273
Wd' b 'F 2% 37398.44 41.22

5d0(a IP)6. a 'P 0% 15254. 29 2576.05 0. 737 3% 37439. 66 1. 14
1% 17830. 34 256 5 1. 122 5d 6s (a ID)6ý, y 2DO 1' 37885. 90 3875 34 0. 780

5d'(a IG)6# a 'G 43 17389. 06 -321. 66 1. 14 2,, 41761.24 1. 077
3% 17710.72 0.940 5d 6s(a $D)6p X 1P* 0% 38398. 56 827 90 2. 596

Sb 'F 13 18897. 64 1237.30 0. 446 1% 39226. -6 1280. 40 1. 615
2% 20134. 94 1237. 30 1. 030 2% 40506. 86 1.420
3% 21637. 97 1603. 03 1.21 S
4% 2321& 57 1507.60 1.221 5d 6#(a D)6p z 'F1 2% 38578.63 2828 23 0.8601.309 33 41406. 86 1. 105

US b 'P 0% 26996. 51 288. 62 2,58 Wd(a IF)6p y 'F' 13 41518. 10 1162. 65 0. 562
1% 27285. 13 1. 643 2% 43680.75 0.966
2% 28547. 05 1261.92 1. 573 3% 4339. 96 1724. 93 . 9604% 4612. 89 1 2

5d 6#(a D)6p z 'FW 13 28068. 79 I33 0. 512 3% 44399 9 1749

2% 294 4371 12 1.076 5d 68(a 'D)6p Y IP* 1% 4e770. 56 -273. 70 1.220
34 33776.5.4 4 1.4 252 0% 43044. 26 0. 570
4d 38185.67 1.33 d 6#(a 'D'6p y 'FO 2% 43900.56 790. 16 1.00

3b G 4% 28104. 1 356 33 0. 997 3% 44690. 72 1. 142
3% 294A 16 0.897 5d' (aF)6p y 'VD 03 45643.25 1031. 11 0.467

2 0.486 1% 46674. 36 1230 03 1. 194
d•(a8D)p i'D 1 0% 29160.04 2824. 12 01.216 2% 47904.39 1026 1.326

2 34.16 2570.197 3 1
3 2527. 36 1. 320 134

3% 36882•.49 1. 380 W5d(a 'P)6p £ 'S* 0% 46495. 37 1. 680

so c 2D 1% 30594. 63 0. 91 5d' (a IF)6p z 'G' 3% 47157. 67 1. 028
2% 32778. 16 2183.53 1. 21 4% 4880. 7 . 1. 153

1 4 4 9 8 4 0 1 1 5



148 1Hf u---Cmiufed 
Hf n--Comdnued

00d4. D J Levej I Interval Obs. g Coni.. Desi& J Level Interval On. p

0D(b D)P x ID* 13 4773.50 10.06 1.11 W(4 t)6p P 3F" 2 65774. 9 167.2 L 06

234 49•05 .4 1.246 3 6444.1 1. 16

We PP S '8W 1% 4796. 48 1 23 66048 9

p'*P 0%4 d'(a IF)7p 2(e IF?) 1% 69310. 2
134 50419.49 1.725
2% 4 2% 69488.4

8W(e IF)6p x IF* 234 50010.83 1429. 70 0. N 5dl Go(& D)7# 5(e 3DT) 134 69968. 3
334 558W.9M 1. 162

04 (a IF)7p 3(s 'F?) 24 7066. 0

2 55705. 9 L,26 7 13 72159.1

5W('P)6P x 'DO0 59. 621. I OL722 S 134 73147.2
? S17.46 197& 07 1.43

23 469.63 5 7. 6.87 .L 2706 6db6(a'D)7s 6(e 3D?) 23 73M6, 1
33 58448. 5v L 14

9 13 75158. 2
50(b ID)6p w ,F* 23 5904.7 1022.6

3%4 63597.7 L 132 10 2% 75801. 1

5d(b 'D)6p x $Po 0% 55847.6 2229.4 111 1 7601 4
13 55077.0 1. 28

12 2% 76585 0
dG(.'P)Ap 2 'P" 0½ 58880. 5 163. 6 2L 394

13 6W494. 10 1560.25 L 544 13 1% 77163 1
2 55060. 5 1 1. 168

14 33 77314. 4
5d(a OG)6p s'H° 43 53546.17 1. 02

53 56571.61 1. 09 15 234 79090. 7

560(a IG)6p y 2G0 34 5397. 16 . 34 34 175 50(a IG)7• 16(e IG?) 33 79804. 4
4½ 55638.80 L 06

5d'(a 1G)78 17(e 2G?) 434 81050. 9idP(a'P)6p v sp0  134 56845;.74 --1131.9 1L 34 82005•
03 57477. O. 72 Is 4% 82100.5

r 2D* 134 19 43 83129. 8
2% 58117.4 1. 22

50(a SP)P us ID* 13 61818. 5 3345. 8 HfziF, 1it194
64664.1 Hf x(IF) Limit ---- 120000

J1u r 191 1- 7II.
January 1957. Hf 11 OWanvmn Taims*

Configuration
10' 2.' 2p 30 3p Observed Terms

5d60 allD
b bP b OF

5.b ISP c D b SIF bsG IH

us (a>6) up (n>6)

a, I 'I 'D D 'F s .G0
50'(s $F)nxaI wD zIF G

S[ •4~ ,p 'D0  
•z'F

5d 6#(a ID)ua *4'r s 4D* SIF*
I P D S Spa P a xDo F

a 5'P ( zz'8° z wP* Z 'D°50a8t a sp 2 2S° w Spo u SD*

5d 6#&(e D)mn y Spa x 2D° y 2F-

5d'(a O)u a, @ ,G v 'F° 0  pGO x IH*

5ds(b SD)u b ID x 2p a 'DZ u, wF*

4'For predicted terms in the spectra a( the L& i boolectronic sequence, me Vol. m, Introduction.



TANTALUM

Ta i

73 electrons Z=73

Ground state 10 20 2p423 3pe 3d 4 40 4dp 4 AP 50 W 5dS& 6u IF,

68 'FX 63M K I. P. 7.88 volts

The first regularities in Tai were reported by C. C. Kiess and Mrs. H. K. Kiess in 1933.
Subsequently, at the Zeeman Laboratory, Miss van den Berg, Klinkenberg, and van den Bosch
extended the study, and reported in 1952 that 1262 lines had been classified. In the 1956
reference below some theoretical aspects of this work are discussed.

The present analysis is by C. C. Kiess and Mrs. H. K. Kiess, who have continued their
study of Tai over a period of nearly 25 years, and furnished their unpublished data especially
for inclusion here. Their observations extend from 1953.08 A to 12139.58 A. The total
number of classified lines now exceeds 2300. Observed intersystem combinations connect the
systems of terms of different multiplicity.

They have not yet completed their analysis, and some designation assignments are tenta-
tive, as indicated by a question mark in column two of the table. Many of the levels are listed
as miscellaneous owing to the departure from LS-coupling. During much of the work, R. E.
Trees has generously assisted by providing the predicted positions of even terms derived
from his theoretical calculations.

The observed g-values given to three decimal places in the table are from spectrograms
taken by Harrison and his colleagues at the Massachusetts Institute of Technology. All
Zeeman measurements used for the present work have been made by C. C. Kiess. The resulting
observed g-values have been averaged for 46 even levels and 170 odd levels, and the work is
still in progress. This wealth of reliable Zeeman data for Tai exceeds that for any spectrum
known to the writer. For example, the tabular g-values for a 'F, K (0.447 ± 0.002), and for
a4 F2% (1.031±!0.004) each represent means of 38 determinations. For the remaining low even
levels the number of individual observations used for the final means fall into the following
groups:

No. observations 30 to 34 20 to 28 10 to 15 1 to 9
No. g-values 4 8 5 4

These Zeeman data should pro 'ide ideal material for a detailed study of g-sharing and coupling
in a complex spectrum.

Many of the Tai lines exhibit wide hyperfine structure. Means of the hyperfine structure
components, weighted by intensity, have been used for such lines in the present work.

The limit is from the n* 4F series (n=6 to 8), and has been determined by means of a
Rydberg formula.

REFERENCES

C. C. Kim and H. K. Kiess, Bur. Std. J. Research 11, 277, RP 589 (1933). (T)
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C. C. Kies and H. K. Kims, J. Opt. Soo. Am. 41, 867 (A) (1951). (I P)
G. J. van den Berg, Disertaioa, Univ. Amsterdam, 76 pp (1951). (I P) (T) (C L) (Z E)
P. F. A. Klinkenberg, G. J. van den Berg, and J. C. van den Bosch, Physics 17, 167 (L) (1951). (I P) (T)
G. J. van den Berg P. F. A. Kl1nkenberg, and J. C. van den Bosch, Physica 18, 221 (1952). (1 P) (T) (C L)

(Z E)
P. F. A. Klinkenberg, Rev. Mod. Phys. 24, No. 2, 63 (1952). (Summary hfs)
T. Kamei, Phys. Rev. 91, 789 (1955). (hfs)
H. E. Waichli, A TeN. of Nuclear MomeW Data, ORNL-1469, Suppl. 11, 31(1955). (Summary hfs)
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C. C. Kim and H. K. Klems, unpublished material (July 1957). (I P) (T) (C L) (Z E)
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Cof. Deft J Level Interval Obs. g Conk. Desig. J Level Interval Ohs.

60610 a 'F I 0 00 2010. 0 a 447 53 23141.4?
23 2010 10 IM 82 1.031
3 3562. 92 1657. 12 .218 Wd 6s(a 'F)6p x OF* 03 4 365.41 88 01 -- a 3204%• 521. 04 1. 272 1½ A 04043-40 937. 70 1. 126 •

2½ 56181.19 I4.K 8 1.239
50680 a'P p 03 6049.42 19.49 2,454 334 26586.98 1147.0 1.36

S 1 3184.52 1. 527 4 2773.43 262779 .390
M1 43 1. 580 ? 53 30361. 5 2 1.334

w 6. a G 33 970& 38 984.094 O 912 xd'(IF)6s b'F 1½
43 10690.32 1.063 2½ 2351134 1.048

3½
d'(4 'D). a 4D ) 03 9758 97 21. 84 3. 020 43

13 997. 81 126782 1.542
23 11243.63 99L13 1.641 5UP 6s(o 'F)6p z'D° 0½ 54516.69 222,34 2,888
3 12234. 76 1.578 1 24739.03 2 . 1.620
4% 13351.45 1. 533 23 86794.76 205. 73 1.416

? 33 57780.65 986.03 1.374
5063 asp 13 10950. 22 -84191 1.407 ? 434 8766. 65 1.337

03 11792L 13 .. 1 16
0o4 2469& 70

Sd's Gs 23 11796,14 2,134
334 24917. 90

Wd' 0 a ID 2% 12865. 97 -- 3037. 80 1.214

1S 15903. 77 1.199 43 24934.58

23 1487 70? 43 618• . 89

w 60 a SH 54 15114 14 -276.87 1.021 23 25224. 06
434 15391. 01 -2 7 1. 014 434 25370. 41

U6S.' a0 F 23 17224.47 15&6 0. 882

33 17383. 12 M . 125 I 2647& 30

Wd' 6a(a SF)6p z4G 1% 17884.65 1793. 80 5d' 6a(a 'F)6p p 'DO O £5515.63 851 06 0.028
23 19178. 45 1381 81 1 851 • 6 8636. 69 I7f. 19 1.393
34 50580. 56 2121: 1. 194 234 28133. 88 1. 394 0
44 55681. 71 2327. 12 1. 231 334
5 256008. 83 1. 302
63 56d 60'(a 3P)6p zX Po ? 23 56219.62 370.41 .

1s 26590.03 -270.02 1.576
23 17998. 74 0. 732 04 26866. 05 -- 2702 2. 650

50' 6ss(a 'F)6p a 'D0  04 18504. 75 1153.06 0. 172 434 26678. 4?
13 19657. 78 1509. 83 1. 018
23 21167. 61 2751 07 1. 120 3% 56960. 46 1. 223
3% 58956. 68 1. 326

23 27167. 82 1. 606
Wd' 60(a 'P)6p 180O 04 50340. 89 1. 956 534 57783. 0? 1. 351

5d#(b IH)6s a'H 33 2064. 54 50& 79 0.818

43 21153. 33 1275. 23 1. 089 33 28185. 60 1. 115
53 22428. 56 108&. 30 1. 159
63 23514. 86 1.217 53 2828& 99

Wd' 60(a SP)6p s $DO 13 20772. 82 1275. 13 0. 812 I 58689. 81 1. 356
23 •2047. 45 1. 179

43 28766. 65 1. 337234 21091. 53

5d'(a 9D)6& a ' 0 03 22235.97 23 28862. 01 1. 247
13 21381. 01 -3165. 9
23 24546. 20 2%. 19 1. 24 2 593843.-46 0. 814
33 26675. 02 202&. 82 1. 42394

1.23% 29722.905 1. 217
Wd(b'G)6e a.G 23 2162292 1138,29 0.894

33 22761. 21 1151.8 1. 008 5d' 6o(a 'P)6p y ID° 04 29902. 77 2. 994
43 23912. 89 11. 6 1. 185 1% 8064 66 762. 39 1.812
53 26022. 74 2109. 85 . 260 23 852486. 75 1607 91 1. 687

33 34094. 66 1. 515
d6*(a 'F)6p •'F 2 1 34 51855.07 IN& 02 0.666 434

234 28868. 09 161M. 76 1. 078
34 24981. 85 9 1. 235 3% 30015.61
43 25926. 84 1. 292

33 55380. 58 1. 060 43 80021. 20 1. 186

23 22434. 37 33 80590.95 1.043

1% 22842. 84 0.894 Wd' 6(a P)6p 2 480 13 80894.67 1. 808

0 0 0 0 0 0 S 0 0 *
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Ta I-C tadau" Ta i--Cmdtnued

COW&ig DOI&. J Level Interval Ok.. g Cogkfig. Desig. J Level Interval Oba. g

0 62(4 4p)6p sp 4 , 31066.84 89&.08 2.108 5d'6@(a G)Op y'G*? 234 86825.97 1853.08 .0&6581 97 1.684 33 38679. 056 1.
3 33107.75 1.568 43 40686.-4 1.208

2%34 14*88.05 3
3% 37143. *5

569 b(. sP)6p a sp* 10 81500.99 0.758 S23 87145. 60 1. 501

4%4 81580. 0 1. 086 034 37461. 46 1. 257

13 81558. 89 0. 888 1% 37523. 54 0. 973

3,4 81600. 95 1. 089 3S 37561. 25 1. 242

3%4 821.•.88 0.846 23 87630.09 1.211

13 82214. 94 0. 728 1 37760. 67 0a 518

53 88070. 28 1. 349 5cP 6s(a 8H)6p x 'I* ? 43 3794. 84 152& 79 0. 878
? 5% 39468. 68 1443 20 1.040

23 88184.97 1.273 63 40911.83

43 88497. 15 1. 031

43 883615.49 1. 334 8858.39 1.112

5d&(a 4D)Op y GFO 03 38507. 54 1080L 27 OL 730
2% 34001.16 1. 140 1 39587. 81 1993. 17 1.083

12 41580.98 159& 39 1.366
1% 34078.42 1.3089 43177.87 1629.27 1.35643 44806.64 1032.11 1.417

23 34795. 25 1. 483 53 46838. 75 1.280

33 84799. 71 1. 210 134 8545. 70 1. 359

4q 35817. 94 1. 582 2% 38753. 75 0. 952

13 85*42.94 1. 534 0388845-. 5 Q. 460 0
43 85497. 65 0. 940 1 38994. 83 1. 027

1% 357*1. 0 1. 010 234 89059. 5* 1. 054

33 35746. 18 1. 101 13 89258. 07 1. 128

5% 85818. 47 1. 200 4% 894*8. 40 1. 143

23 85876. 47 1. 490 0 39490. 14 0. 560

2,34 85925. 09 33 8956. 7

&F 6#(a OH)6p a '0G ? 23 86018. 97 785. 91 0. 985 3389641. 24 1. 090
3 36799. 88 1. 133
4%34 8818.38* 167 44 1. 088 2%34 9688. 20 0. 9Ai
53 40610. 88 1.264

2389786. 5* 1. 065234 86069. *
34 89986. 18 1. 296

5d 6(a zH)6p s 'H° ? 33 86159.18 917 58 0.852

? 4% 87076.71 Ili 51 1.046 13 40*30. 01 1.232
5K 88194.2* 1166.46
63 89860. 68 1. 061 03 40244- 74 1. 056

03 88645. 8 0. 536 3 40838. 08 1. 159

W 6(a(.G)6p 'Fr? 1% 86580.06 186793 0.716
23 88447.99 . 1. 045 40889. a 956
3½
43 3% 40755.90 1. 134

4•3 86881.15 1.211 2% 40851.61 1.265

S 5 0 0 0 0 0 0 * S
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01g.f Dui& i Level- interval 0s. p Coonig Dm4g .1 Level Interval Obs..

334 40081.79 1. 246 034 44146.16 0.7114

23 41010.07 1.227 34 44M. 68 1.067

30 0e(a.*J)7 .OF 03 41151.26 -0&.7OL657 434 14173.605 1115
1 416 83 9076 0. S L 30

23 45059 140.4 1.260 13% 44350.19 103214 4301439 1480.8 1.43343 4 16446 8 1411 23% 44386.40 L 1794,,' 4636A 83 IM3 7
534 47319L 57 12 41 43 4.02.5U 1.4

03 41179. 9 . 434 134 44483.9 108 94
134 41197.6d7 L 33533 41556. L 335 30(a 'D)6p z D" 034 44518.10 72. 12 1378
3½ 41268. •L 533 13 45848 ? 9.76 1 a
234 41584.9% 4 64055 , 1153."87 .2 1 2834 4809 I. 1

4% 47799. 81
134 4169S. 64 1. 183

23 41879.53 1.199 3½4 4695. 40 1.227
0O4 41905. 95 0. 745

53 45067.54 1.056
3%4 41017.95 1 107 33 45114.71 1337

5d'(a 'D)6p y 'P" 14 46541. 73 M 5 1. 245
434 41547. 0 1.268 234 45714.68 1907.20

3% 47651. 88
1 YA 40408-18 1.2271% 4769134 4576. 59
334] 41751. 75 1. 170

3 471-0110334 45648.856 1.264
13 42778. 70 L 321

2%7 4844.73 L 45 .58 1. 1124 1334 45841. 6
334 41955.1 1.040?' 3½? 48060.6
234 45985. 8 1. 172

2% 46116. 93 1. 254
434 43090.58 1. 222 334 48175. 44 1. 186
134 43167. 07 1. 135 134 46176. 76 0. 806

534 45185. 09 1. 219 534 46555. 15 L. 266
234 45559. 55 0. 973 1% 48887. 79 0. 737
43 43391. 71 234 48933. 58

5d'(e'D)6p 1,'Po 03 43478. 0 121L 11 .2. 13
13 44689. 51 1634.Loo 1. 0 00 13 48974. 05 1.871
234 48535. 31 1. 601

234 46981. 89
434 43493. 24? 334 470135. 05
23 43496. 65 L 22 53 47559.48

334 45533. 5 1. 215 234 47597. 06
23 45550. 78 0. 94533 4765.01

13 45818. 65 L 642 334 47951. 16
234 4880.84 1.24 33 48069. 61

W 6h( I'F)7 a I'F 1 4394 50 497.10 0.988 2½ 48290.45
2 44461. 60 33582 56
33 47817.16 2692.5 23 48369.35
4 50509. 7

13 44005. 95 43 48468& 96

53 44141. 31 1. 122 % 49149.350

0 S 0 • • 0 0 0 0 0
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TS i-Cm u Ta 1 t-C4M aaMd

Sm J Level Interval Obl. g Confi& Dmig. ,I Level Interval Obl. g

I 4851. 0? 5w 69(e,#)86 f 4F 1S 54440.57 0.502

3 4"99. 581 3
3%4 4U816? 2% 54481.09
2½4 498. 55 4½ 5523.59
4½ 50014.07 2% MOM 2

1½ 50145.5
S4 58391. 76434 5045. S

1½4 58588. 88
134 50877. 75 0o5 61551. 17
334 5141& 1 234 61737. 0
334 51985.5 5 3 . 134 61789. 26
4 ½ 5 2 7 2 & 7 3 .-- .- ------------------------.. . . . . . . . .
1% 55807.8 Tan(aFa) Limit ------ 136

July 1957.

Ta i Oxuaavmn Tsams*

Configuration 0
1 20 2p' 33p0 3d10 Observed Terms

40 4p 4d't 4P4 50 5p'+

asP a'D aSF aIG a2H

E a *S

no (n>_6) np (a2>6)

5C 68 (aO)n F s 0D* sOF* s &G*5d 6e(aF) m I, f IF Y 'D* z,'F0

.W 60(a 'F) nz x aD*

5d W (a 3P)a nx 20 'P s $paD"
5S6• .(a 'P)nz { S'8 x 'P* YaD*

5d1 6(a 3G)nz p 'F q *,G

5d'(a &D)nz 4 aD Y Pp z*D a'
a 'D y ,po

5dP 6*(a 'H)nz &'G* 11H0  '1*0

5d$(b SH)nz a'H

5d' (b 3G) nz a G

5d'($F)nz b 'F

*For predicted terms of the Tat isoelectronic sequence, see Vol. iii, Introduction.

* * 0 0 * S 0 0



Ta n

(HI i sequence; 72 electrons) Z=73

Ground state 10 2 2p3•94•p3 sP 40 4p 40A' 50 5p' 5ce Ss, IF

a IF, K I. P. volts

A preliminary list of 115 levels and g-values for Ta ii was published in 1950; seven more
levels were added in 1951. The present analysis is by Kiess, who has revised and greatly
extended the early work especially for inclusion here. His observations range from 2000 A to
5300 A and include some 2400 lines, of which about 1000 are classified. Observed intersystem
combinations connect the systems of terms having different multiplicity.

The three-place g-values in the table are from Zeeman spectrograms taken at the Massa-
chusetts Institute of Technology; two-place values are from Bureau spectrograms.

In his recent work Kiess has greatly benefited by the theoretical investigations of Trees.
In particular, one level at 16424 K listed in the 1950 paper has been rejected, and one at 23294 K
has been assigned a revised J-value, on the basis of Trees' work.

No series are known for Ta u. From a study of screening constants Finkelnburg and
Humbach interpolate an ionization potential of 16.2±0.5 volts. This places the limit near
130700 K.
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Tail Tain

Conkfg. Desi& J Level Interval Obs. g Config. Desig. J Level Interval O0s. g

5W(4F)68 a 'F I 0L 00 1031.3 0. 000 54116.' a'G 4 1420& 53
2 1031. 33 1610.86 .008
3 2644. 19 '6'. 51 1.250 5cP(sD)6s aGD 1 14627.75 2540 75 0. 850
4 70 177. 1 850 2 17168. 50 1385.33 1.2115 18 1 . 33 3 1855& 83 1.933

54160 aOF 2 3180.04 3651 31 0. 750 Sda(sH)6@ a$H 4 15851.12 1.16
3 6831.35 291i. ii 1- 098 5
4 9746. 33 1. 225 6

5416.' aop 0 4124.77 1205.89 0. 00 50'(4P)60 b'P 0
1 5330. 66 327.34 1.5OO1 17375. 11 1125.49 1.171
2 585M 00 1.340 2 18500. 60 1.462

50(4F)6o b *F 2 9 46 490.54 1.063
3 14581.00 2.67 1.004 &f(F)6 e'F 2 2292&.62 691 74 0.700
4 1849. 67 391 1.23 3 23620.36 .53 66 1.0764 2308170 1.026

51P(4P)6* a Alp 1 10713 30 116216 1374
2 11875. 46 112 39 1.48 5d'(2D)6e bID 2 23294.70 1.120
3 12435.85 1.614

Wd(SP)GS c 3P 0 23381. 19 a. 000&W(G)6as aJG 3 11767.14 938.18 0.915 P

4 12705.32 125.62 1.021 2
5 12830.94 1.280

1 aSD 0 12300.4 7 874. 53 0. 000 5F(P). alP 1 23406.14 1.15

2 14494.9 101.0 1.472 5d bP1H 4 24432.78 981.17 0.978
3 15724. 06 1231.16 6 5 2541& 95 1.052
4 17231.22 1505. 16 1.23 6

5P W aOD 2 13560.25 1.111 D(IF)le a'F 3 24869.61 0.995

0 0 0 0 0 0 0 .• 0
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CGU4 Dsig. J Level Interval Obu. Conkg. Deig. J Level Interval Obs. g

390'O S 3 282 0O O. 855 5 4965. 07
4
5 '$D 2 43587. 8 1.31

2 R9M. 87 a 522 4 46645.81 1.210

1 5706. 60 2 291 3 46831.39 1.204

2 33715.15 O. g00 2 48850.69 1.097

3 86111.97 3 47189.18 1.093

2 $6177. 15 O. 947 4 47280. 95 1. 198

3 67653.73 1.169 2 47614-61 1.292

1 36987.78 O.685 1 47596.05

&GO 2 87530.80 . 64 0 47800. N

aFp 2 88515. 55 1. 026 3 47855. 41 1. 198

IF 1 8685. 26 0.472 0 48064.50

SG@ 3 3896. 88 1. 001 2 48168. 44

WO 3 39295. 85 1. 140 2 4855. 11 1. 448

aG* 4 39743.64 1. 222 4 48470.85 1.268

0 400*3. 76 2 48868. 55 1. 137

2 40*8.563 1.158 1 48776.86 0.750

1 40504.78 1. 232 3 48965.66 1.275

2 41145-00 1.161 2 49080.44 1.33

1 41855.06 1.893 3 49586.58 1.318

3 41554.50 1.204 2 49595.90 1.63

5 41709•.0 3 49648.60 1.045

4 41775.09 072 1 49887.05 2.023

IFo 4 4*15±91 1. 265 4 49937. 8U

2 45158. :8 1. 210 3 51075.88 1. 156

3 42959.59 1.117 2 51197. 5 1.363

2 43804.95 1.061 1 51556.37 1.052

3 43644.44 1.086 2 51584.51 1.317

1 4355. 87 1.50 3 58151. 5 1.088

4 44005.16 1 55155.76 1.618

1 4406. 19 0. 255 3 52580. 41 1. 403

2 4455.50 1.251 1 55854-3 0 g930

3 44430.38 0.950 3 58465. 75 1. 226

'DO 0 4444. 70 a 00 2 58644. 8 1.339

or 5 44585.-3 1. 245 2 54588. 78 1.035

4 4465.00 1. 24 3 64648.81 O. 935

3 4485. 23 1.34 3 55158. 8 1.250

#DO 1 45• 1.401 3 55543.11 1. 46

2 4•44.91 1.150 2 56018.75 0.991

1 46174608 1.361 4 5814-.49 1.26

4 PM .9 _ __ 1.405 4 5,752. 94 . 22

ApS ri 50.
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W1

74 electrons Z-74

Ground state 1 W21 3a 3 3P 40 41 4 p' J ' D 0 #D

&'M4 6844W K 1. P. 7.98 volts

The spectrum needs further critical study. The analysis is chiefly from Laporte and Mack,
who have reported 300 levels with 201 "tentative" g-values, and 2378 cludifled lines between
2008.64 A and 10477.97 A. Their observational material was taken mostly from the literature,
supplemented by Mack's observations made at Prineeton for the region short of 2500 A. The
earlier work by Catalin and Poggio and by Lean was revised and extended by these authors.

Later, the spectrum was observed by Kiess at the National Bureau of Standards in the
region longer than 2000 A. Short of thin limit, observations were made by Boyce with the
Carnegie Institution Spectrograph. Laun measured these spectrograms and prepared a com-
plete line list extending from 1783.734 A to 7727.14 A. The earlier long-wave Bureau measure-
meats used by Mack and Laporte ar quoted in Laun's revised line list to extend the observa-
tions to 10477.97 A.

Laun has revised the published level values, changed some J-values, and added more than
50 new levels. His unpublished material has been furnished for inclusion here. The writer
has tentatively retained 4 of the 16 published levels rejected by Laun. There are now ap-
proximately 3700 classified lines.

Mack and Laporte assigned a number of configurations and term designations ta the known
levels. Murakawa has confirmed some of the configuration assignments from a study of the
isotope displacement effect, worked out from observations of the hyperfine structure of W 1.
He attributes some levels, also, to the 50 6. 6p configuration.

The term and configution assignments in the table are tentative. The writer has con-
sulted Racah, and included some of his very provisional rearrangements of known levels,
although they are far from definitive. She has also made a few other changes on the basis of
the present known embinations. Observations indicate that the line at 4008.753 A (a S--s TPV
is the raie nWhat. From this evidence the s TP term in the table belongs predominantly to the
configuration W(a 'S)Op, instead of Sd' 6e(a 'D)Op, as published. The 'p term from the
latter configuration is apparently not yet known.

Mack feels that grouping of levels into terms is not justifiabl in W i becuse of the do-
parture from L-coupling. The writer has, however, retained the armngemmt by term
among lower levels, in spit of considerable ovlapping. Thi plan conforms to the general
format of these Volumes and fiaecitates a ready comparison of the relative positions of the
terms, the tarm intervals, and the observed g-valum among simnlar spectra. She urgs the
users to bear in mind the reservations regrding this format that are desribed in the 1943
paper, and to consult this paper for further detal.

The observed p.valu• aw quoted frmn the 194 paper by Lpo;rte and Mack, pending
further study of Zeemam specrog•ams taken t the Mamachusetts Istitute of Technology.
The•rwe move than 50 iven only to tenths; these re urgently in need of revision based on
-ret ob

The linit is from Laporte and Mack. It is derived by a Rydberg formula from the
0' b(eD)sw Do seie (4-6,7) corrected by -2.8 percent. This Rita correction from other

spectra may need further weis whe more swim asre known for neighboring spectra.

0 0 0i {
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WI Wi

Confg, D..ig. J Level Interval Obe. g Confg. Deig. J Level Interval Ob.

5d4 (68 a 'D 0 0.00 1670.30 06(a 'D)6p s r 1 0698560 107 .92
1 1670.30 1.51 2 07662. SO 147. 59 1.21
2 382& 53 1.48 3 19159.11 L 063 8 0 1504 47 229 &43.# 80
3 4830.00 1384.7 L50 4 51455.91 1937.12 1.32
4 8219.3 33 1.49 5 33870.05 1.39

5d0(aeE)G a's 3 295L 29 1.98 50(a )8p 8 sPo 2 S6029.77 12A34 1.9843 274188-11 41257. 172

w 60 Gap 0 9528 07 04 t7889. 11 1.72
1 13307.06 377& 99 0/01.71
2 19253 58 5%& 52 1. 321. 18 2 fPS67.28 0a 87

We60 a'H 4 12161.95 290799 0.99 5d4 (a D)6p 'D 0 166*9.46 114904 0/0
5 15069. 94 1.05 1 57778.50 1417 4 1. 5
8 17000 15L4 2 f9195.84 717 01 1.28

3 9911. 85 291. 27 1.31
W683 G'G 3 1334&.64 0.92 4 5*8*8. 11 1. 74 1643 1. 2 30 8 2 .74 0 .9

5 192& 0 339L 76 1.02164.28 0 3394-78 1.20 5 27849.84

Oie' .'F 2 13777.70 3= 44 1.09 5d& 6o(a 4D)8p 8 &P* 1 *8198.90 1194. 50 0
3 17701.14 594.12 1.02 2 59593.40 1 1.83
4 17107. 02 1.-19 3 0586.64 .4

5d,60' 'aD 3 15459.99 1.17 5 28233.44
2 14976 21 483. 78 1.06
I 18081 80 3106,59 0.7 6 28392.72

5ds(a O)6@ a&G 2 18116 84 1.08 1 50683.51 1.39
3 18974. 47 857. 63 1.0819256.23 281.76 1.20 1 8135*45 0.8019535. 04 278. 81 1 21

6 19635.0 11352 1.32 2 51817.63 1.52

d'p(d "869 a 's 2 18280. 48 1.43 3 35*98.01 1.3

5d' 6o(a'D)6p s VT 0 19389.43 674. 87 0/0 0 31586.51
1 5004. 30 1.54
2 51448. 76 138 48 . 48 3 *0967.58 1. 43
3 23047. 8 1598 55 3
4 5476.5 30 171. 08 L 50 2 53141.38 1.51
5 i176.4 8 191 09
S59648. 06? 296.58? 1.46 2 5594.406

alP? 3 19827.67 1.28 4 341*1.63 1.5
2 983 06 11539
1 20427.81 55. 25 2.1 3 545*8.60

0 20174.28 1 54541.41 1.56

US '6(a'D)6p x 7D* 1 11453.90 2510.77 251 3 54554.08 0. 71
2 5964.6 7 251 1.93
3 26189.50 2224.053 .8 2 34485.86 0.82
4 8797. 44 1.61
5 t9773. 4 97& 10 1.55 4 5461.658 0. 89

ID? 4 2247. 68 1.48 1 34719.55 0.15

0 2277& 84 4 55116.78 1.2

'7? 5 22852.84 1.2 2 35311.54 1.0

ID? 3 23930. 10 1.4 8 85499.15 1.0

0 0 • • 0 0 0 0 0 0
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00ms. DOI i LevedlaItuval Ob& Cemig. Dug. r lavil Iatuaw Ob.L

2 5781.94 1.5 2 41104.59 1.
9 8M45.17 L.4 0 41157. 9 0/0
4 9W.5 L 24 6 41171.44
I 861o0.4 8 L62 4 411M. 16 L22

G U279 510 L 27 6 41417.48 1.23
0 858"8. to 4149.48 L 11
2 $75. 70 L 50 2 415S. 10 L 06

3 8574. 8 LO 3 416#94.84 La2
2 504.14 L57 2 41754.1$ Lt1

4 57146.s4 L 1 4 4871. 94 L 11
5 MO70.1 i 1. 0 418U. 21
2 5746. 90 1.28 2 41978.91 0.8
3 5674.o08 1.13 6 498.o04

1 87778.6 2 4591.'51 1.32
4 88001.19 Li 1 45M9. 50 1.5

3 59M05.6 Lii 2 49440.60
6 so=. is 4 45450.54

3 saw0.w 3 45514•14 1.22
4 5895840 1 41575.47 L. 3
1 sum. 1 38 4901.19 1.12

0 58576.14 5 4986. 00 1.11
4 56748.44 4 45910.74 1.18
2 SO9•0W.9 5 4084. 10

1 89183. to.01I 0 485. 886 0/0
S5971•. 01 1.13 1 44917. SO 1.3

5 S•14. M 1.20 2 4997. 6 14L
1 598.6a 1.44 4 451. 08 L14

3 5"46.41 L.46 7 45411.50 1.20

2 707. ot L .00 54 6@(&D)7# YD 1 43451.96 1467.6 283
2 44919.84 157&6.7 L9

4 89719.8W Li1 3 4649&W.6 147392 L74
4 4797& o4 1379.14 LOS2 40011.50 L0 5 49314.65 L7

4 409M.97 L5 3 45478. 5 1.3
8 4099.5 1.03O 2 48514.87 a.9

1 40411. 19 L Be 4 45790. 87
6 40476.45 1.04 5 45741.57 109
4 400M5.07 3 458M084 L.17

3 40M5.9 N .96 1 4589.5 1. L01
1 40770.75 1.28 5 45994.95 L 2
2 4066&9 1. L26 2 45975.99S Li15

5 40011.97f L 03 4 4599. 41 L 24
3 40ft.85 L32 3 44051.00 L2

0 0 0 0 0 0 0 0 * 0
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* Dig. J level IntIwd ObL t Ooft Dols. J Level Ontrvod 0b. v

1 4 48 L. 4 4 47590.1S

2 44W7.50 L1 3 47861. 77 L

* 44990.O49 28 2 47445.55

3 44447.05 L 38 8 47455.70 1.29

5 4454 76 L I 6 47541. " LI 2
2 44509.98 L11 3 47509&44 1.2

1 44787.91 L 1 4 47689.88 1.4

6 4499. 90 L 2 5 47850.58

4 44940.57 L 20 4 4765. di L 28

7 449•7a 7 L 20 5 48158.t9 L 2
3 45014.54 L 3 1 45170.67

2 4501. of 2 45944.-0 1.4

4 4511#.77 1.2 7 455O. 70

GdO '(o OD)7e .D 0 4522& 22 128. 08 0/0 2 4851. 85 L 4
1 46458. 0248071.132 1620.0 1.5305964
2 W 1677.72 L 5 3 483W. 483 MW &404 1467. 10 L 6
4 31121. 14 L 4 1 48559.96

4 4596. 5 L 1 4 45676.08 L 20

1 45878.-9 0 48 U6•.65

2 44U5. 57 0.61 1 4578.10

5 45451.95 1.16 3 45079.14 1. 26

3 4"51. t 1. 30 4 49147.95

1 45M77.6 1.24 2 411•5.94

1 45790.80 5 49187.99 L.5

G 45789.14 1.19 2 40270.16

4 45•O. 10 1.36 3 49047.95

2 459. 48 0.5 1 40445•.6

3 460M.Of 146 2 4914.S4 L.

1 46104-.4 2 4M97. N6

6 40106. 91 4 4966. 57

1 44901. 6 2 4W99.57 1. 9
2 46887.75 as8 4 49758.55

8 4605.4f L4 0 497M8.44

G 465O6.97 .L 86 a 45966.0

4 4665. 05 L 14 5 50187.55 Ll1

6 4679. #1 L 18 1 5015. 70

2 468W. 48 L1 4 50954.9 L08

5 4M4. 50 121 6 $04991•8?

4 4691-.84 L 0 2 50494.64

2 47079.40 1.1 1 505.54

1 472M. 5 2 5071. 90

2 47887.79 0.9 3 50800.44 1.0

0 0 0 0 0 * 0
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0064 Du. Jr Level Island 0s.. Cookg DoWg i Level Intwava 0*u.g

4 5low4of 5 54510.80

4 OOM47 L.2 1 54419. "

I 5004107 3 5455o.45

6 5095.90o 6 54739.59

a 51070.15 2 54559. 15F

2 51159.41 6 54595. W

5 51590.7 4 54911.91

3 51900.55 1 54541.01

2 51909.90 a 550MA.9

2 5J6M6.5 2 MM.9197

1 517#8. 44 4 550A5.54

4 515w. 10 2 55054.01

* 51575.15 4 5583312 L.4

3 59015.15 3 55559.50

4 59ow. 75 5 5545.59o

2 W84.Of 5 55499.95o

2 59155.69 2 55619.65 0
2 52163.20 7 5569.5of

3 59955.so 5 55795.48

2 52284.76 2 5555. 14

5 5959.5 1 555659.55

4 5946. 44 4 555M.94

2 5950641 4 55955.5

$ 59774.14 5 55957.90o

6 59655.95 3 56108.55s

3 5594148 4 56174.1"

4 5SAM 0 4 5Hi5.55

4 "Ila1 AV 56"454.568

a "I1s*9 of L 4 5SO0. 10

6 55961 40 6 5659.61I

4 5M 41 A 565735

3 594.55 3 56717. 16

8 Sam P4 4 5695. 97

2 MM. M 6 56832.go

1 531017.77 5 57145.45

4 5~89a6 6 57149.Of

G 5SUM179 5 5756A.51

2 UM.5 N 6 5770180o
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Oeasi. DWi 1 J Lord lnerval Oba. g Config. Daig. J laved Interval Obs.

4 0780& W5 t 5 $am5. 63

* 57919.17 6 9410. 58

a SMI. u 2 9459. 00

5 5517&989 5 5975.55

8 5S55 0.0 2 5998. 15

a 556.70 4 eowsn0a

2 5944. 10 5 60741. 46

4 58777. 80 5 6154.50

5 58906 9 -----. -------.. ------------. ........

6 $591.85 W z($Dw) Limit ._. -&40

4 59171.71

March I"&e.

W i Oossavxn Tram*s

Configuration
let 20 20 30 3psdU Observed Terms

J a 'D

S as'P aeD a'F .1G a H

no (a _6) np (n>26)

50(a ")*w eTgO

ad'We 6'D)nz I 'D z P 'D* s 'F0

*For predicted terms in the spectra of the W i loeleetronic sequence, see Vol. in, Introduction.

(Tea sequence; 73 electrons) Z-74

Ground state 10 20 21 30 3e 3d3 40 4pO 4d' 4f4 6' 59 5d& 6s 8Dnm

SqD@X K 1. P. volts

In 1938 a preliminary analysis was published by Laun. Later Kiem reobserved the
spectrum and Zeeman effect, at the National Bureau of Standards, in the region longer than
2000 A. Short of 2000 A, observations were made by Boyce with the Carnegie Spectrograph.
Laun has measured these spectkogranms and extended his earlier analysis especially for inclusion
here. There are more than 1,250 classified lines between 1756.684 A and 6219.77 A.

Mack and Mrs. Taschek have added seven new levels and the three-place g-values listed
in the table. Their Zeeman data have been taken from observations made with the Bitter
magnet, at the Massachusetts Institute of Technology.

•0 0 • 0 S • 0
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The authors have a decided preference for arrangement by levels throughout the spectrum
because the departure from LS-coupling makes it difficult to asign term designations except
for the lowest terms. The writer has retained the listing by terms for the lower levels in con-
formance with the general format adopted for these Volumes. A ready comparison of term
intervals and observed g-values can thus be made with similar spectra.

The higher levels are listed in increasing numerical order. By analogy with Mo ii, and
from an examination of the observed g-values, Kiee and the writer have assigned tentative
designations to a number of these miscellaneous levels. These should be confirmed by
further study. They are consistent with theoretical calculations made by Trees.

No series have been detected in W ix. From a study of screening constants, Finkelnburg
and Humbach interpolate an ionization potential of 17.7±0.5 volts.
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WU WnU

Confit. Desig. J Level Interval O1.. # Config. Deuig. J Level Interval Ob. g

,fde(ID) . 1510 1513,78 a30186 5d' 'F 3% 22194. 08 1.119

2. 317.62 1563.74 1d'(UP)6# 2P IN 22503. 06 1.22
3% 4716.&3 154. 80 1.63
4% 6147.16 1430.64 1. 522 5d'(OD)6. 'D 3% 23046.80

Id5 aG' 2% 7420. 43 1.913 Wd' T' 4% 23234.87 1.249 0
5d'(zF)6. a #F 1% 8711.26 0.624 5d' 'D 2% 23450.50 1.297

2% 11301.08 211088 1.064
3K 13411.96 4210186 W D
4 14867.22 1.234 Sd' 'l 5½ 3664 1. 10

5'&(P)68 .OP 0 88a 66 1759. 86 2.383

2 103922. 2468 1 .471 Wd' 'F 1% 24991.502• 13434. 10 28 8 1.:526
Sd' 'P 1% 256.8I.64

5&d(ID)6i aD 0% 1317&38 1460L8 9 0.4551

1% 144L 36 31346. 1
2% 14967 82 40 1.183 5d'H)6 SH 4 2
3% 15147.02 179. 20 . 8703 Wd 'P 2% 26227.00

5d'($G)68 a '0 2% 16234. 84 354. 88 0.996 5d"(SH)68 SH 5% 269.34
34 16f8 7 3 1.153
% 1655. 14 --6 L 137 5d(&D)Gp 'F" 0% 165.85 0. 678

5% 17437.02 888 L 181
5d'(SP)6ep '8" 0% 3L753*614

"5d,('H)6 4H 3% 18000. 70 L 096

Sd' ID 1% 18990.96 0.90 2&(&D)6p *r 1% 39159.41 L 147

50 '0 4% 19070. 8 L 102 2%F MU. .81 0.889

5# 40 2% 1927. 52 0. %97 (D)Gp GF 2% 41049.45 1.292

5d0(1P)60 Sp 0% 19404.08 0.6 4 1 8 1.498

W(DAH)6. OH 6% 194421 64 3% 42390.97 L 161

5d' 'D 2% 19637.88 L 102 O3 -0

5d' 4G 3% 2006974 L 117 0% 44456.18 -0.217

sdo 'D 1% 2046& 08 4% 44755.10 1.270

so '0 5K 20834.35 1. 197 5,(ID)Op F* 3% 4W7.18 1. 277

5d'('//)68 'H 4% 20780. 8 L 065 1% 44911.68 1.221

so ,P 2% 22189.97 L 0 0% 45457.09 0.519

0 0 0 0 0 0 *
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1) 455870 LOI 2)½ 54575. 8

VA 49175.48 L 45 0% 54408.0

2 49555. 40 L236 3%) 564M. 67

GdO•D)Ap rP 4½ 46495.45 1.311 2%4 64704.61 06 an

0%4 49955.57 84'($H)Gp 'Hl 5% 54968.58 L 141

1% 47179. 4 L 007 2)4 55168.50

2) 47418 W L 111 4% 5595. 57 L 061

1% 475 84 1% 56488.01

2)4 48584.5 L366 1)4 66084.50 1.021

5½ 4585. 78 564 56376..45

3% 45880. 70 L 006 58,H)6p #He 6W4 6439. 58

1)4 480825." 3)4 56615. 74 1. 22

3%) 49154. 5 L 499 3)4 56768. 61 L 147

04 4914.5 0 2% 56574.9M9 0. 81

4% 4181. 04 1. 409 1) 56935.57

2) 4945. 10 1. 510 4 57089. 46

2) 5S0 . 55 L 334 3) 57759.95 L 184

1)4 5040.95 2)4 57856.70 1.36

4) 50565.05 L 194 1) 58007.60

3) 51045-. * 2) 58556.98

106 5154. 40 L 68 3% 58709.66

2) 5145.08 L 301 1% 68747.94

dP(D)6p #F- 5 51495. 00 L 054 5% 68891. 74 L 144

3) 51858.05 0. 937 3% 59876. 81 L 102

2) 5507. 05 4% 59599.5-4 L 179

34 5S575. 5 L 297 3% 598609.14 L 125

0) 55. .11 0 g961 3% 6995. 66

4%4 50567.15 5% 60518.84 L1130

04 5S593. 75 1. 14 3% 60856.45

3) 55501. 74 L 874 4) 60278. 71

2) 5811•. 5 L 262 2% 60656.61

1)4 555*9. 71 1. 357 4%4 61065.80

3% 55558. 07 0.968 56 61#40. 81 120

4) 55549. 97 L 066 3) 61556.59

1)4 5845. 98 0 976 4% 61560. 04

PT 0 SS 440. 17 2.l03s 5% 61589.4 L 149

2) 54056. 54 6½ 61605.16

4½ 540H. 54 L 128 N 65s55. to

,1'? 1K 54187.0 L "1S0 4) 64518.87

__ _ 5)4 5495 906 1
Aprf 19M.
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ReI

75 electrons Z=75

Ground state 10 20 2p4 30 34 30 40 4p' 40 4f' 50 5po ,5 6 S

60%U 3 K I. P. 7.87 volts

The Re i spectrum furnishes one of the finest examples of international collaboration of
any spectrum on the "Atomic Energy Levels" program. The present analysis represents the
work of American, Dutch, and Spanish spectroscopists. Klinkenberg, Meggers, Velasco, and
Catalin have completed their study of Re r especially for inclusion here. 0

The observational material consists of a new description of the spectrum supplied by
Meggers, including some 4200 lines. This was supplemented by measurements of Velasco
from spectrograms covering the vacuum region, taken by Catalhn at Princeton University.
The present line list extends from about 1700 A to 11788.9 A and includes 2764 classified lines
arising from permitted transitions among 71 even and 211 odd levels.

The first measurements of hyperfine structure in Re i were made by Meggers. In his
1931 paper he states that about 25 percent of the 2,000 or more lines . . show hyperfine
structure of 2 to 8 components.

Observed g-values are known for 75 percent of the energy levels. These are from Zeeman
spectrograms taken by Meggers at the Massachusetts Institute of Technology, through the
courtesy of G. R. Harrison. The patterns were measured by Meggers, and these data were
given to Catalin and Velasco who, in turn, derived the g-values.

The present interpretation is the result of all three groups, and greatly extends the earlier
work on Re i by these authors. Observed intersystem combinations connect the systems of
terms of different multiplicity. For a number of terms in the table the LS-designation assign-
ments are based on theoretical work by Trees. He points out that the hyperfine structure
exhibited by the a IS term probably results from the influence of the 5d4('S)68 'S term. His work
is still in progress.

The limit is derived from two triplet terms, interpreted as combinations of 6p P0p with
7s 'S and 8. 'S,as reported in 1931. No improved series have been found from the present work.

REFERENCES
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W. F. Msggers, J. Research Nat. Bur. Std. U, 187, RP 235 (1952). (hds)
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Coaf. Dmug. J Tevel Interval Obi. g Conig. Desig. J Level Interval ObIL S
so e .,8 234 0.00 1.95o 5d(gG)6a b 4G 23 33281.65 541(01

3l- 474 382 66 370. 6154P GIN P 2 1 _1.278 4 34194.27I lse 6 -2241.16 - 87& 7013 u2( 12 -1339.77 1.485 35 33317.57
11&s 38 5 60(a 'D)6p I $po 134 $$89. it 2.33

5W($D)6s a OD 4% 11754 52 -246134 1.545 24

3N 1421. 86 IM-53.6 1.567 33
234 177M.42 - 557.09 1.309
134 16327.51 910. 79 1.706 5d0 6(a '8)6p a'P* 2%4 35567.94 -647 93 1.395
03 17238.30 2.521 10 87915.97 117.92

5# 6 a4 G 2H 14621.46 43. 73 1.151

3% 1508 19 1561.09 1.153 We6.(a G)6p s G* 14 87063.65 31776 0.626
4% 16619.28 1 75 23 87381.41 1139.33 0.990
5 167.15 -3 3 1.242 38 88570.74 4799 1.2164 8994.73 921.56 1.251

Uds 601 a.D 33 17330. 82 2127.07 1.255 5 89916. 39 2176 12
554 59957.89 - 1315i9 1. 314

21 19457.89 -1023. 84 1.361 8 4 0490834 1. 364
1 20481.73 -723.82 1.451
03 19757. 91 0. 983 Md' 60(a 'D)6p a TFO 03 37381. 41 254& 34

1K 89956.75 .3 0745
-Wd' 6#(a 18)6p s IPo 2,4 18960.1 2. 274 2H 39064.92 i 8 1.335

334 20447. 8 o. 0 1. 926 33 37765. 85 31.527
414 98681. 82 1. 768 43 39655. 99 1890.34 1. 444534 59196. 74 ! -459. 25 1. 445

541 60 a4'F 334 21775. 40 2650.00 1. 13a

23 24425. 40 1.067 2% 37697.56 1.219

Sd' 6as a 3G 454 22160. 04 2564. 18 1. 198 2% 89670.5•2 . 107334 24724. 22 -I. 03
5d' 6s(a 68)6p z 'PO 33 39844. 75 -3724. 61 1.223

1% 22422.83 731.98 0.781 2%4 43569.36 132.4 1.504
2%4 23154.81 1.189 13 43702.•20 1.962

5d 68a a I 53 23956.00 23n 96 0.995 13 40808.85 1.351
634 2634A 96 1.100 t o 7 0

5dI 60 a'F 134 26131.57 1898. 75 0.650
234 28030. 32 511.81 1. 12 23 4081. 83 1. 126

33 28542 13
4% 27514.31 -1027.82 1.13 5 68a(a oP)6p y fD* 4%

3% 4-946. 53 -366. 49 1. 534
5d(P)6a S 'P 234 26661.43 1.32 234 41313. O5 -244.06 1.278

13 30526.60 1% 41557.08 1.655
034 034

Wd'(*H)6• a 'H 63 27130. 14 113. 74 1. 208 3% 411683. 91 1. 325
53 27243.88 -82. 53 1.18
43 27161.35 8164.52 09 43 41458 18 1. 372
334 28809. 87 - 93 334 41848. 85 1. 190

5d$('D)6s b 'D 33 27141. 13 2659. 25 1.34

2314 29800.38 197Z73 1.17 Wd' 6s(a &P)6p a 'D° 03 41991.56 262.63 0. 61
134 27827.65 -2303. 92 .888 13 4254-19 789. 83 1.578
0% 30131.57 23 4804 O0 363.85 1.449334 48407. 87 . 1. 368

Sd' 60 a 'S 034 27384.80
434 42140. 06 1.249

&d' 6s(a 7S)6p o *P
0  33 28889. 72 35.54 1. 709

23 58854. 18 .107. 38 1.871 5d' 6s(a 78)7s '88 33 42598. 27 1. 957
134 58961. 55 2. 333 134 48841. 85 0. 976

5dw6.1 ao'H 5% 30559.91 -839. 39 1.07

4%4 31399.30 W? 43409.11

5df(oF)6s b'F 4% 30645.33 4%4 4345.8 0 1.336
334
23 31186. 08 _-274. 54 1. 17 3% 4815.01 1. 348
134 31460.62 23 48493 98 1.385

5&'6.G b IF 33 31982.99 452.4996.80 1.26
23 32435. 14 23 44054. 21

Wd 60(a 'D)6p • 'D 034 35443. 61 14. 02 1. 762 14 4.4148•.5 1. 573
13 89591. 683 817. 10 1. 500 4%4 44254. 58 1. 244
23 42408. 78 1111.52 1 23 44308.73 1.223
345 M 50.5 1401 77 .440434 ,591.0 o D0  034 4441688 0 . 15

S 0 0 0 0 0 0 *



166

e -.-Ce.mumed Rei--Cemtind

Coaftg Defg. J A lIed Interval Obs. e Cone&g. Dad&. J Level lnterval Otm. #

so6(.'6)Ts *'8 2½ 470337 1.66 1½ 49•9.00 L2M

13 4470. 09 1.330 53 4~56.07 oL 075

334 44101.15 12 53 24 49540.• 9
234 4490160o 2 4978. 11 1 344

334 4494. I0 0 905 434 485. 61 1. O5

5"(D)6p V OF* 4508. 68 1291. 62 L 40 3 49865. 5 1.175
4W4. N -L161330 L 441
47M. U _ 1090L 22 L 81 1% 498. 57 L 989

2 49M77 -64448 L 649
-40W. N 19128 L 27 2% 50110.58 1.765

1 4 9. 55 G 410
234 50158.87 L 422134 45151. 81 0. 674

234 465 03 LOgg 434 50196.94 L 345
134 50565.5 L 1 234

4% 45•S4. 57 1.131

334 45469.85 1300 334 50510.70 1. 170

4po O~t 0 417. W 1 197 6s ,(a 78)6d e $D 13 503•160 & 02
'P 34 557.5 2.0723 5034062 2.002

3 5039. 23 18. 61 1. 820
1% 45876.54 1.384 4% 50395. 72 36.4 L

534 50464.34 1.629534 45904.5•5 L1175

3% 46937.18 1.298 4)1 50401.01 1.055

23 481194. 1.405 234 50463. 80 1. 144

1 4 50571.05 0. 935134 46141. 11 0.( 716

34 485•5.99 L 271 53 50665.51 1220

23 460-.40 1.371 3% 509.00 1.240

234 48849.45 1334 23 50954 18 1.385

134 46785.8. 23 50973. 17 1.489

13 47004-. 1.285 5ds 6s(a 18)6d eD 434 50994.15 5 68 1.548
3 50988. 47 -4709 1.558

2 123 51035.56 4 546
24 47101.81 0.893 1 51030. 73

134 4717. 10 71

03 4717• 9 215 44 51057.96

4% 4705. 75 L 106 13 51188.00 1.456

434 51195. 49
834 475M. S L 151 33 51559.64 1.231

034 47506.79 1.28 234 51477.15 0.97

034 47884.74 L 50 43 51486.29 1.20

33 4769. 01 1.196 134 51578.06 0 92

14 47705 78 L. 43 234 51590.08 1.02
134 47779. 91 L 32 33 51647. 85 1. 139

56 4780. 5 12 0 134 51874.48 1.29

23 4789. 55 1.217 534 51945.94

23 47970.89 L 169 834 51955.05 1.200

33 48184.80 L 252 4% 55001.87 1.357

53 4856. 85 L 27 64 55155. 85 1.17

34 48786. 55 L 53 23 55518. 11 1.208

314 48657.60 L124 634 5555.1to

834 49M7. 8 L 499 13 55#78.58 1.422

43 49170. 76 L 135 33 55873. 15

0 0 0 0 0 0
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Re 1---m nuned 3. 1--Comfmed

COX" Dmig. J Ievel Intuovw Ob. 0 coohg. Demf. J LevOl Intwvol ObL g

034 5549. 45 1.315 43% 56411. 5

236 5475.81 03 5481.87 1.287

331 59610. 01 636 5655541

4% 55741.8 0 334 5e6m.41 1.25

33 8*57.44 1.00 2%• SA 56 7

2% 5*55. 84 1.05 13 56866. 06 . 479

136 5541. 59 1.14 03 5707181 . 94

13 594.48 336 57090.5

23 5805M 74 1. 184 336 57171 70 1. 19

036 5815. 19 1. 145 4% 5758. 86 1. 19

0 655858.8 1.72 3%6 57571. 75

13%655 75 1.323 53 67891.44 1.30

4% 555O. 9 1.38 636 5745583

334 5588.94 1.290 236 57554.51 1.40

436 55579.55 1.09 4%6 57556.55 1.19

2%6 85W. 75 1.19 W 60(a &D)7& O'D 036
13 57665. 43 160. 36

5dk&4(G8)9. fee 3%4 539M 00 23 5926. 79 _o120. 1
33 58060.64 30926

53 55467.57 1.20 434 (366. 90
336 6575. 46 1. 203 13 585o. 58 1. 111

13 55845 .5 1. 169 336 58560. 05 1. 43

O03 58928.90 1. 113 43 58M7. 51

5%6 58945.75 1.13 236 58585.45

836 54019.19 OL 723 1%6 58445.51 1.32

3%4 5406.69 I. 22 03 58541. 88

336 54177.05 1.270 5% 58619.55 11165

23 545.& 18 1.290 1% 59157.80 1.20

236 54400.61 1.069 g2 58171. 7

16 • •44•7.40 1.361 1% 5O95& 45

3%3654515.84 4%4 59894. 89
5W 5454. 61 53 59415.46 1.15

336 59784. 67
636 5479.55 336 59956.91 1. 100

43 54515& I L 185 236 60757.58

236 54855 o. 1.18 2 o , 60857.10 1.22

0% 5496. 85 1.314 56 65145 .7

36% 55.85 1.149 33 65550.13

3%4 55454.48 1.17 336 65495.51 1.17

636 M776. 51 1.056 53 65567.65 1.135

3am 55 0 . so 1.22 - --------... .. .. . . .. .. .. ..

136 5580501 0.447 Retn'S, Limit - $6353

4Of "V1 ,4 1.06 6% 68771.40

- 3 ~JV5607. 97 1___ - fi% 65984.76 1 1__ 1.07
Novmbw 1957.

S 5 0 5 0 0 0 S 0 0
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Rex Osasivuss Taniua'

IMIN D W 3d-Observed Teras

IOP a4D O'F a40

sew aID &IF a'0 asH 421

fa (afS al" up(Sll

1. s' O*psI

a .D W6l"
SOeD)nx b *

Sd' 69(a aSm= g
"4p.

S'68(a OP)OXY D

Sd'(P)wx I

"Sd(1H)ua a 'H

W(F)su b W

UP 00(a ID)W f I'D 41"P i'D* z'l

*For predicted terms In the spectra of the Re i isoslectronio sequence, see Volume in, Introduction.

Re IM

(W i sequence; 74 electrons) Z=75

Groudstate1 W2V303 #1 We 4 0 pi4 0 4f"5 0 5pliUP6#`Sj

6s8S K 1. P. volts

In 1952, Meggers published a description of the Re ii spectrum that included some 1800
lines in the range 2000.47 A to 6026.60 A. Later, Catal~n extended the observations in the
short-wave region to 1500 A, with the vacuum spectrograph at Princeton University; and
Sales provided measurements in this region.

On the basis of this new description, the present analysis has been carried out by Meggers,
Catalfin, and Sales. Nine "odd" levels have also been contributed by Tech.

The observed g-values are from Zeeman spectrograms taken by Meggems with the Bitter
magnet at the Massachusetts Institute of Technology, through the courtesy of G. R. Harrison.

Approximately 1000 lines are classified, but the assignment of term designations has not
been attempted in many case because of the marked departure from LS-coupling and the
effect of configuration-interaction. The absence of the low 5d$ ID term is conspicuous, but
persistent search has failed to reveal this term.

No series are known in Re ii. From a study of screening constants Finkelnburg and
Humbach have extrapolated an ionization potential of 16.6±0.5 volts, which places the limit
near 133900 K.

REFERENCES
W. F. Magessa J. Research Nat. Bur. Std. 9, 187, RP 2355 (1952).
J. L. Teco, unpublIahed material (August 195M. (M' (C L)
W. Ftnhelnburg und W. Humbeeb, Naturwlas. 2, 35 (1955). (I P)
W. F. Megg@Ms M. A. Cataldn, and Mf. Sales, unpublished materiail (November 1964), (October 195Q), (De-

esaibrlMO. (T)(C L)(Z E)



3t U Lou

Comig. Dods. J LAvel Interval Obe. g OoiDg. Domg. J Level Interval ObLeg

s(ome$ eS% 3 00 2.05 5d(4)6p 8 VP* 2 4307.7 1 1.793 /1,7. 5 66A• 4 L 79

5 e' w *D 0 13777.3 10. 7 0/0 5533
1 4824.0 -4L. 1.014-47L a L 53 5d'(S)6p s &P 1 49439.35 23 422 14M52 2 578.3 3237. 7
2 149301 5 57. L 48 2 5M77. 0 1125. 1 L 82
4 14a 6 - L 48 S 5805 1 L 66

I$('S)6 4s8 2 17223.5 L71 50(4F)6p i 'D" 0 54488. 0 1904.1 L291
1 58375.1 766.5 L 20

WD(0G)66 a1( 2 18845.8 29a .64 2 671M.6 L 30
8 19139.7 291 L 12 3 59309.9 3 1.214.
4 204632 513L2 18 4 65859.0 0 27
5 20976.4 512. 2 L 26
6 22031.1 1.24 50(,P)Op v 'Po 3

2 55059. 5 -91.6 1. 81
50(4p)69 a & 21629.1 1711. 7 1.26 1 55150.8 127

2 2334k4 8 -31. 6 L 67
1 23722.4 L 903 5d'(41)6p TO 1

2 55444*0 1606.2 1.103
2 22544. 7 L 20 3 67050.5 254 9 L 135

4 59659.1 4685.2 1.177
1 23146.2 1.10 5 645S.8 L 31

5 2338L 2 L 19 5&('F)6p a'G*? 23 57419,4 1851 4 L 056

4 23893.5 L 275 4 5921.4s 164 0 L 625
5 60906.8 11.18

3 24763. 1.41 6
5#(40)62 a'?3 a 25321.2 9 0 .OL 90 50(*P)6p z 3p* 0

4 26237.3 -24916. 1.12 1

5 25987.35 L 22 2 59588.8 1.520

1 26664 3 L 46 3 69656.8 L 19

2 26767.6 L 09 1 60487.5 L 128
3 27627. 7
3 27746 0 1.23 3 60555.0

4 28095. 3 L 22 2 65057.3 1.17

2 29077.3 1 i7.8 L 52

1 29427.2 L 368 3 6-144.9 L 243
4 29063&9
2 2972. 1 L 292 3 68043.8 L 34

0 29773. 2 0/0 4 65157.7 L 27

3 30224. 8 L 398 2 63464.5 L 50

3 30717.5 1.26 4 64407.5 1.21

4 309825 L 188 2 64411.4 Q 812

2 310118 1.42 3 6494.L L 36

4 32206. 5 L 08 3 64968.9

3 32257.8 L 114 1 65011.0 a 796

5 32344. 7 L 15 3 65575.8 1.28

2 32875 8 L 06 2 65674.0

4 82957.3 L 54 3 6100. 8 1.40

4 3316. 3 L 188 a 6064. 1

3 339898 4 6WL6.5 L38

2 34937.2 L 23 4 66476.5

5 66514.6 1.18
5 603.5 S1L21 5 66586.7

8 3699. 4 2 66750. 5 1.274

3 37319 5 2 867850 6

2 3738 0 L 071 5 67049.1 1.29

0. .. .. ..0 ......... 0 0•0.0
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so .-Cumteied Re U--.Cm adW

0M4. Dug. J lava L.tval Ob, g COM. Dee. J Level Inturval O. g

1 87576.1 LU h 2 71SU 8

8 *7514.0 19 2 7178. 0 L 40

4 6759.1 L .i 2 7104• 0

A 68955 L 16 2 75184.8

8 O854. 8 2 755U. 8

2 WSM . 4 & 70846.0

a 9886. 0 S 7U5. 0

4 a887.7 4 7404.4

S 98141.5 L OI 3 7407a. 8

2 69170. 0 L 0 2 74S.5 8

4 6995.6 L 35 a 744A9.

3 OSSM 8 L677 3 7485.0

3 6572.9 0 75117.0

4 6877& 8 L 22 2 75987.1

4 •79.9 4 76157. 1

1 70157.8 L 687 3 76W57.

3 70611. 0 L 17 3 77190. 7 1.11

1 7108. 7 3 775.& 4

4 7110& 5 L 19 3 77975.9

Deeember 1967.

Re u Observed Terms*

Configuration
I' 20' 2pSsW

3# 3d 4@2 4 Observed Terms

as (,>6) ,p (a,_)

5P(,I8)fw a IG. Ia{ SO?

{• aam

Wp('gF). 'D" s &0 s '0o?

*qFo predicted terms In the spetra of the Wr isoeleetroea sequene, see Volume m, Introduction.

0 0 0 0 0 0 0 0
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OSMIUM

Os'

76 electrons Z--76

Ground state 1• 2a0 2p 30 3p4 3d" 4.' 4pP 44 4P" 5W' 5p 5d' 68 D,

a 'D, 76M K I. P. 8.7 volts

As early as 1900, "long before any theory of complex spectra had been developed", Snyder
noted regularities among 55 Os i lines, but he never published his results. In 1934 Albertson
extended the analyses to iaclude 137 levels and more than 1050 classified lines. In 1938 he
reported that he had reobeerved the spectrum at the Massachusetts Institute of Technology with
high dispersion and recorded more than 4500 lines, of which 2169 were classified as combinations
among 234 energy levels. He derived the limit from the two-member series 60. 9D., 7a 71) ,
by means of a Rydberg formula.

In 1949 van den Bosch made more complete observations at the Massachusetts Institute
of Technology, including Zeeman spectrograms. He has, also, had access to Albertson's
unpublished material and, in collaboration with van Kleef, has extended the number of energy
levels to 257, and furnished the present list in advance of publication especially for inclusion
here. All the tabular g-values are from van den Bosch. His present line list covers the range
2000 A to 8645 A and includes approximately 6000 lines, of which 2387 are classified. Owing
to the departure from LS-coupling and to the effect of configuration-interaction most of the
levels have not been assigned LS-term designations.

REFERENCES

W. Albertson, Phys. Rev. W5 304 (1934). (I P) (T) (C L)
W. Albertaso, Phys. Rev. S3, 940 (A) (1938), and unpublished material. (T) (C L)
P. F. A. Kinkenberg, Rev. Mod. Play. IM, No. 2,71 (1952). (Summary hfa)
H. &. WalehUl, A Ta.bk ef Nudea. Memma Data, Oak Ridge Nat. Lab., ORNL-1469, Suppl. U, 31 (1955).

(Summary Ma)
J. C. van den Bosch and Tla. A. M. van Klsef, unpublished material (August 1956). (T) (C L) (Z E)

•0 • 0 0 S 0 0 •
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081 061

m Im I

C=4lu Desi. J Level Inttrval Obs. # C=9ig. Demig. J Love[ Interval ObL.g

sp6. at6D 4 0.00 -- 41 32 L-" 5 2429L 97
3 4159.32 141M 4 2 2L069.71 47U
2 2740L 49 L 2123 44
1 5766 14 1.30. 65 L 47
0 609279 3 25593 94

W(41r)6h a F 5 514. 92 a59 91 L 28 4 2560L5
4 8741 83 263. 17 L 31
8 1137 00 121202 L 26 2 1M4. 35 104
2 1016.98 g -2854.09 L 45
1 13020L 07 . 31 3 28139.52 L 24

5d'(4F)6s a'F 4 11030. 58 -3060.79 W 10 (D)P TO 4 553. 81 L 54
3 140L 37 1310 19101
2 12774L 38 1. 00 2

2 1334. 83 0. 94 2 2841L 95

5i60 aOH 4 1484M05 0 106 2 5I0M. 97
5 1433 99 1. 13
6 1485233 513. 34 1.14 5sa(a OD)6p s IF- 6 5906. 41 L43

5
2 1522 57 L 61 4

3
S'(4pP) a sp 3 15390 76 L 54 2

2 1
1 0

1 1621241 L 74 3 59881.68 L 49

1 17667.34 1.40 4 2394. 30

W('P)61 amp 2 2 30056 79
1
0 1830L 40 2 80078. 8 L 48

3 18901.94 1.20 5 3059. 5 L 47

0 1904. 91 1 80554.95 L 55?

4 1910. 87 L 03 4 W0591. 46 L 54

2 19410.66 0. 97 2 38457.-4 L 84

4 19893. 07 1.06 4 85684.61 1.47

1 21033. 45 0. 88 3 3815.454 1.63

3 21123. 66 0. 94 3 34156.40 1.44

2 21303 36 1.26 5 84865.33 1.42

1 22563.65 4 34803. 8 1.37

5d' e(a OD)6p TD 5 83465. 90 84721 1.55 2 85090.60 1.57
4 56156.89 L 62
3 8sO is 98 -2397. 24 L 73 3 1.815.98 L 61
2 ,5575•45 -26249 2. 04
1 1 36919.55 1.29

2 23317.60 1.27 2 36345.81 1.15

4 23322.66 L 04 2 36634.-4 L 36

3 23984. 58 1.07 3 36806.27 1.48

0 0 0 0 0 S *
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O s 1 -- ( s am sw d 
O f 1 - C e t im ue d

DeftS. J LV Intiuval O. g Cofk. Daig. I Level Interval Ob.. #

a 8017.04 L 28 4 4545. 67 L 81

4 sun m L 41 3 45011.56 L 05

1 S76L f1 L 31 5 43401.85 L 32

3 578M. 5s 1.26 2 45457.15 L 00

4 579077 "L45 3 4515. .75 L21

2 $?9I. 71 L " 2 45610. 1 L 06

4 l8t( os L 24 4 4754.6 4 L 05

1 5894.90 L 4 48865 .6 L 20

3 5 -4.1 6 L 23 5 43876.19 L 13

2 S 78 L 41 2 44075.54 1.16

8 85485 01 L61 3 4414.4 14 . 13

1 8915 44 O. 29 1 44474.88 L 01

2 58741.19 1.60 2 4466. 97 L 31

1 88N. 97 L 90 1 44759.95 L 01

Ss•595 9 L 18 6 44839.0• L 19

5 5940(9 M1L18 a 44869.71 L.35

2 0.40580 1 93 4 44892.67 1.22

2 5974-89 1 91 6 44951.15 L 27

4 40087.01 L 36 6 45515.88 L.0 0

6 40890.44 1.30 4 45$88.69 L 07

4 40961.9 L 32 2 45505.45 L 32

1 40497. 48 .18 3 45561.99 L 00

2 408 05 O. 82 5 45758.65 1.23

6 410S. # 1.23 a 45774.55 L 12

5 4195. O L 27 2 46169.54 1.19

3 41951.98 L 08 1 4609.56 0. 62

4 4175-5.8 L 04 4 46563.46 1.12

3 41875.95 1.30 3 46557.99 1.11

1 42 . 88 L 00
2 46406.90 1.15

4 4551O.95 L 22

3 4016, 68 L 03 1 46515.-45 L 19

1 49451 5. L 86 3 46776.59 1.25

0 4M55 75 2 46815.87 1.15

2 4M4&86 L 41 I or2 48947.10

* * * 0 0 0 0 0 6
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0. --Cm .m.d Os i--ceahmed

cook De. .J IAVer IaiwvsA Ob. g Comc Deg. J IAVOI bt.mJ Obs

a 47057. A L 21 4 5074. 91 L 12

4 471S& 48 L 12 4 509 " L 18

60dGo(.OD)Ta e 'D A 4719& 73 &a& 71 L 67 2 50811.71 L 15
4 48737.44 --2400L L 0
3 5113i1 L 71 3 50s 9. 07 L 22
2
1 5 677. 19 L 19

5 47800. U L 31 3 S04s. 80

1 47477. 06 L 14 4 50o08. 8 L 19

2 4751. 0.99 3 50380. 59

3 47014.64 1.12 1 S080. 80 L 06

3 47897.8 .1.1 6 50680.16 1.13

3 4754.84 1 50870.88 1.19

4 4785 58 Li 1 50901. 87 1.19

2 47954 89 L 21 4 50937.14 1.18

3 4797. 97 2 50989. 77 1. 12

4 48181.99 50 6(o D)7# e&D 4 510K 49 1.59
3 5240L 81 IM 32

3 45809.56 1.14 2 52148 69 1.80
1

1 48888.08 0

1 4840. 9 O. 98 3 6104. 76 1.25

4 485M. 87 1.07 0 51166.88

1 4U546.45 1 51I17.74 O. 66

4 487M. 10 L 16 3 51218.68 L.27

2 48778.49 1. is 2 51•8•.14 0.90

3 48574.98 L 28 4 51819.80o 1.07

2 4599.56 2 51545.88 1.50

1 4058. 60 . 89 2 61655.94 1.09

2 49119. 10 L 10 3 61758. 65 1. 13

3 49188.11 L 23 6 51041.60 1.17

3 4990. 06 3 6188.11 L 08

3 40461-.0 2 59169.09 L 21

4 49485-19 L 20 2 59887.78

5 4W4. 8 1 5874•.9• 1.14

2 4914.84 L 10 4 59450. 5 1.11

3 49580.45 a 59568. 81

2 49879.57 0.98 3 504. 13 O. 99

3 490.54 2 59577.58

3 49947.06 L 19 4 59715.84 L 13

1 5007. w L 42 6 58901.90 1.13

3 5018. 57 L 16 3 598. 60 L 24
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On i-Ctiund Os 0-Csmheuan d

C6014. Dos*. J Leve hstvsm Ots. g Conk. Dedg. LeveS Intervai Obu. 0
2 58&0714 1.20 2 56091M46

4 5181. " L 19 5 542 41

3 SSW& a 1.39 4 M72 16

2 4. o405 1 571A s80 L2

4 58447.59 L 13 3 5733423

1 "484. 11 3 578. 90

6 S567 of 1.10 4 5809& 19

2 535M454 3 58688 20

2 5M847. 07 4 58768 76

3 53753 43 3 5890& 20

3 58. 85 3 58957. 24

2 $4049.8 0.96 3 59074. 97

2 5406440 2 59105.95

1 54080945 1.57 2 5914110

6 54308.11 1,21 2 59170.43

1 54484.97 0 .59 2 59229.84

3 5467& 06 1.82 3 5928 85

2 54758.•9 3 5955. 04

1 54800.46 1.46 3 59582.97

1 or 2 54847. 38 2 59602.19

2 54867. 69 3 59750.04

3 55388. 87 1.78 4 60649.49

5 5 5 4 0 . 4 7 1 . 4 0 --------------- . . . . . . . . . . .

4 55419. 00 Os ) Limit ------ 70450

October 1956.

Os I OB&uzvsD TzawS*

Configuration
1s. 2W 2p 30' 3p 3dUs Observed Terms

448 4pf 4d- 4f-"58 5p$+

5USG { alD Hf aH

n (n __6) np (n>_6)

5d'6#(a'D)nz {#D T'O s 'DO '

5W('F)a { 'F

asp

VFor predicted terms in the spetsa m0 the Os isoelectronie sequence, see Vol. m, Introduction.

0 0 0 * 0
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(Re i sequence; 75 electrons) Z-76 S
Ground state Is' 20 2pO 3,0 3pO WO 40 4p$ 4dw V4 50 5jO 5d' 6# 'Dot

a 9D" K I. P. volta

The analysis is from van den Bosch who has furnished the tabular data in advance of
publication, especially for inclusion here. His observations were made at the Massachusetts
Institute of Technology, and include Zeeman spectrograms taken with the Bitter magnet.
There are about 250 observed lines between 2280 A and 4550 A, of which 73 are classified.

No series are known. From a study of screening constants Finkelnburg and Humbach
interpolate an ionization potential of 17 ± 1 volts.

Most of the levels have no LS-designations because of the departure from LS-coupling and
the effect of configuration-interaction.

REFERENCES

W. Finkelnburg und W. Humbach, Naturwim. 42, 35 (1955). (I P)
J. C. van den Bosch, unpublished material (August 1966). (T) (C L) (Z E)

Os l Os u

Config. Desug. J Level Interval Obs. g Config. aeslg. I Level Interval O0s. g

5d6(SD)6. aGD 44 0.00 1.52 3% 24980.73 1.18 0
3 351. 15 -359 1 .57
1 3924 94 -3163 11 1.62 23 25452.13 1.091% 559. 05 -16 1 1.79

0 6636.57 -1044.52 &. 17 2% 878.563 2.22

234 7891.93 1.70 33 59389.49 1.85

33 11459.90 1.27 ld'('D)6p x D 43 44515.40 51 04 445180& 04 !. 563 4 801-56 -2571.15
234 11654.08 1.55 2 4637.51 216. 32 1:74

134 13130. 61 1.40 134 4187. 10 1970. 89 29

3% 13203 88 1.25 23 48798. 70 1.39

23 13414.80 1.34 334 49149.59 1.51

4% 15805.58 1.14 44 61951.61 1.40

33 17242.26 a 99 33 5SW0. 48 1.42

1% 17424.39 O. 97 3% 54379.#7 1.34

234 17589. 40 1.35 234 5444-. 19 1. 45

53 17688. 64 1.20 234 55558.65 1.09

23 19590.91 .81 13 55685. 91 . 70

33 19985. 93 1.10 33 66791. 5 1.28

4% 21590. 81 1. 11 334 57401.59 1.29

23 2446L 66 1.27

October 1956.
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IRIDIUM

Ir

77 electrons Z-77

Ground state 1Is 2 293e 39 3dPW 4#'4e 4' 4f 1 5. 5e d 6. 'Foi

a 'Fof 75000 K 1. P. 9 volta

The first regularities in Ir i were discovered by Snyder in 1900, who worked out an array
for 240 lines, but never published it. Albertson extended this work in 1932, and again in 1938,
when he reported that 1937 lines out of some 3100 were classified as combinations among 214
energy levels. He determined the approximate value of the limit by assuming "a simple
series relationship" between a 'F and e IF.

A new description of the spectrum including Zeeman observations has been made recently
by van Kleef, who has revised and extended the earlier work. He has also utilized Zeeman
spectrograms taken by van den Bosch in 1949 at the Massachusetts Institute of Technology.
His present line list extends from 2000.70 A to 8592.601 A. Out of a total of some 4000 lines
he reports that approximately 2000 have been classified. He has furnished the present data
in advance of publication, especially for inclusion here. There are 59 even and 163 odd levels
known, but most of them have not been assigned IS-designations because of the departure
from LS-coupling and the effect of configuration-interaction.

REFERENCES

W. Albertson, Phys. Rev. 42, 443 (1932). (T) (C L)
W. Albertson, Phys. Rev. S1, 940 (A) (1938); 14, 183 (1938). (I P) (T) (C L)
P. P. A. Klinkenberg, Rev. Mod. Phys. 24, No. 2, 70 (1952). (Summary hfs)
H. E. Walchld, A Table of Niuelear Moment Data, Oak Ridge Nat. Lab., ORNL-1469, Suppl. II, 31 (1956).

(Summary Uit)
Th. A. M. van Kleef, unpublished material (September 1956). (T) (C L) (Z E)
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Co"& Deal. J Level &Iterval Ob.. p Conig. Demig. J Level Interval Obs.g

GO so a'F 4 0.00 1.30 2% 85#4.57 1.22
i 6323& & 91 L 21

2 5 784. 62 1705.0 L 20 23 89805. 97 1.34
1% 4078 94 L 12

DA()6 b 4F4 4 28496 -4271 L 3% 899457 1.32

3 710& 61 -2770. 91 1. 23 3% 4099 19 1.25
21 9877.54 --195& 55 1. 17
114 1183L 09 OL 54 4½ 4,WS. 83 1.23

50($P)6. 8 'P 1a 10579L 68 -1927.00 0. 97 1% 40654.78 1.22
o0 12505.68 1.22 3( 40710.78 

1-33
W(IF)G. .OF 2½ 1221M 47 8.43 1.13

3½ 13087.90 L 17 4% 41118.71 1.37

(P(6P). *4P 2½ 12951.67 -361& 68 L 49 0% 41510.88 2.39
1 1656& 35 -115. 85 1.39
0% 16681.20 2.61 2% 41,60N.5 1.32

5W 6' a 2G 4H 13939.o0 -3M 44 I.I0 0% 45014.44 0.76
3% 17779.24 0L 92 1H 45059.14 1.15

w 60 OP 2% 1610332 -244372 L 34
1% 18547.04 _16f. 66 1.39 5% 45181.85 1.290% 20238.70 2. 08 2% 45467. 8• 1.24

5dW(D)6 a ID 2% 19060.62 -3049.62 L 00
1% 22110. 24 1.00 4% 4179. N8 1.38

w60, a'H 5% 1959&25 -391266 Lo09 2% 48071.78 1.124% 23805.91 1.04 3% 43176.15 
1.12

Wa 6 b'D 2% 23310.36 -2919.12 1.20
1½ 26229.48 0. 94 1% 48300.89 0.98

Wd 6s(5F)6p s 4D 4% 56807. 50 _422 16 1. 48 3% 48595. 51 1. 45
3% 80559.66 -25W. 17 1. 44

2 86.8 615 15 1% 44569.85 1.49
1 8468.58 -- 3184.86 L 58

0% 85647. 94 1. 30 2% 44596. 77 1.26

5(QG)6. b6G 3% 26365. 16 1548. 68 0. 92 3% 4464-.67 1.34
4% 27913 84 L 03

5i' c'D 2% 26404.17 - 1565. 88 1.161% 27970. 05 0. 85 1% 44785.64 1.53

UP 6s(6F)6p x IF* 5% 58455so. _ 4061 11 L 40 3% 45111.68 1.08
4% S551& .4 -1a61.oo 1.36
3% 88874.43 - 1045.40 1.38 2 58.5112 34919.88 1470. 32 1.54
1% 86890. 15 -- 1730. 79 1. 14 1% 45859.14 1.27
0% 88150. 94 0. 66

A 81090.603% 45415. 56 1. 93
W 6e*(F)6p sa$g 6% 8580. 78 -1349.70 L 37

5% 84180.48 -go0.3 1.L34 0% 45508.15 M.32
4% 85080.80 -- 329. 83 1.273% 86410.68 -129.71 1 32 2% 45570.89 1.03
2% 840.8 4 -215141 L 59
1% 87695.75 0. 79 3% 45895.85 1.16

W 6e(8F)6p s 4DO 3% 87515.81 69.18 L.38 5% 45957.88 1.15
2% 87446.18 L 33
1% 2% 46098.94 1.21

4% 46550.85# 
1.23

W 6,(1F)6p] 2 'F 4% 87871.69 -28& 55 1. 25
3% 88158.54 1.27 4%4 46871.64 1.36
2$
1% 1% 46471.84 1.21

43 881O9. 75 1.22 13% 46618.18 1.05

234 5&85. IS L 39 3%4 48979.05 1.18

1% 88484.74 L 44 2% 47011.09 1.13

3% 85& 06 L 35 3%4 47165.15 1.23

0% 898.e 1.58 0% 47508.8 2. 31

,0 -mm ~d•wmi sB ill l•iall~l -0 0 0 0 0 0 0
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Jr I-C m~ul Jr i-C~ti~ued____ __

coot Dedg. J' Level Interval Obs. g Config. Desig. J Level Interval Obs. g

4% 47506. 57 1.08 23 65357. 83 1. 17

23 475"7. 19 1.21 06 55388. 38 1.91

3% 4748. 69 1. 25 2)6 55606. 16 1.16

I 47804.,93 1.46 136 55806.57 1.36

536 478568. 47 1. 30 236 53552. 93 1.20

23 48106.57 1.27 4% 53842.06 1.13
43 48299. 4 1.20 3% 53686. 99 1.12

136 48440.83 1.24 33 63771.90 1.25

3% 48448. 65 1.05 5%6 54061. 29 1. 14

33 4865,9. 55 1. 19 2%6 54119. 003. 97

IS 48801.91 1. 31 3,6 54140.83 1. 10

23 49146. 44 1.22 4% 54526. '79 1.16

43 49158.61 1.26 13 54319.92 1.23

1S 4934B. 51 1.22 33 54566.06 . 95

0,k 49446. 15 0. 67 2% 54639. 31 0. 98

23 49651.31 1.36 4%6 54667.54 1.04

5)3 49719.17 1.31 3)1 54711.10 1.05

23 49779.37 1.35 43i 54892. 63 1. 36

33 4983-. 54 1. 22 336 54894. 8e 1.06

43 6OO50. 69 1. 15 13 54985. 63 1. 31

1S 50100.71 1.36 4% 650365.94 1.10

23 50169. 88 1.00 536 65114. 11 1.12

436 50434.46 1.09 1% 56160.88 1. 17

03 50445. 09 1. 16 2% 55303. 80 1.50

1%6 50564.15 1.19 33 55382. 00

33 50580.3s9 0 95 13 55497. W8 1.16

536 50606.88 1.04 33 55619.39 1.16

33 51107.94 1.15 03 55635.36 1.16

136 51166.54 1.21 1 6 55885.44

54P68(&F)7s c 'F 536 51175.94 -- 1 .8 1.42
43 52508. 89 1.38

32 43 55979. 05 1.16

15 1%66016.60 1.05

036 56158. 84 0. 65236 51417. 15 1. 12
26 6564.6 76 1. 22

43 51470. 74 1. 22
36 56371. 08 0. 96

236 51814. 75 1.33

3.4 56416. 08 1.38336 51855. 88 1.24

03 5198. 95 1.42 13 56538.45 1.23

236 5051. 75 1.25 13 56788. t# 1.21

33 56134.11 1.32 3% 56792.60 1.27

3% 5U54. 37 1. 30 33 57041. 80 1.15
536 5566.5 8 0.98 3%6 67186.64 0.99
136 5530.e66 -0.10 1% 57247.67 1.39

* * 0 0 0 0 S S 0 0
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lr -- CeaUueud

Cooik. Dit. I Laval Interval Obs.. C01S1. Dig. J Ln" Int'erva OG. g

3% 6707.-48 0. 134 60o0• 15 0.94

1)4 577?. 04 1.40 1% 6066os13 1.13

434 67774.80 1.14 2% o0751.07 1.00

2% 51049. 0 1.00 134 6079440 . 94

23 58117.84 1.36 334 61074.71 1. 13

33 58470.9 134 61431.49

4% 58570.57 0. 92 1% 61481.37 0645

334 WAS. 10 1.03 334 6201884 1.35

14 "I. 4554 0.a88 434 65079. 8

234 J*5965Of 1.01 334 62164.91 1.35

5)3 59525.87 1.28 5% 6220. 67 1.20

13 5984. 11 1.19 43 62220.91 1.39

034 5618. s 2.01 33 62377. 72 1.23

33 59647.72 1.32 0o4 62425. 80

4% 599587 83% 62757.18 1.11

23 5982. 53 43 62835.40 1.28

83)( 5987& 02 1.30 134 639. 27

43 6001125 1.38 434 63469.72 1.27

234 60062.45 1.35 3% 63976.18 1.41

33 6o0S. 04 83 6461&. 16

2% 60411.48 5-------------..-------..----............

334 6068. -5 l'F) Limit 7W"6

October 1956.
Ir iOsu vnv TusM*
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aor pnd eMM terms In the apeeti of the Irit bodectronic sequence, see Vol. im, Introduction.
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PLATINUM

78 sehtrons Z=78

Ground state 1.'2.'2903.2393d' 4.'49 4d& 4fr W535 '6. D,

Go'$Do 723 K I. P. 9.0 volts

"A fairly complete wave-number system for Pt was sent to Rowland by Snyder in October,
190", according to Mger and Laporte, who interpreted the early regularities among the
low levels when they observed Pt x in absorption in 1926. Haussmann studied the Zeeman
effec, of 173 lines and reported 72 levels in 1927. Livingood revised and extended Haums-
mann's work in 1929, and his paper is quoted for most of the level values in the table. Except
for terms arising from the 5d0 w. and Ud* configurations, the ssignment of term designations
on the basis of LS-coupling is extremely tentative, and the spectrum needs fdrther study.

No homogeneous line list exists, although the observations extend from 1928.85 A to
10757.78 A. More than 440 lines have been classified. Kessler and Meggers have recently
observed the Pt i spectrum from 6648.32 A to 10757.78 A. In an attempt to classify these
lines in the long-wave region the writer prepared a complete line list and combination array;
added 5 new "odd" levels; and rejected 2, namely, 46007.8 and 46798.9. A number of strong
lines in the newly observed region still remain unclassified, however. Further observations
are needed to extend the analysis. Livingood's notation is in the first column of the table.
The new levels can be detected from the absence of an entry in this column.

The observed g-values are from Iivingood. These are also inadequate for further study 0
of the spectrum.

Goble pointed out in 1935 that in the Pt ! sequence fi-coupling applies more nearly than
LS-coupling, to the levels having the configuration 5d*(2D)6p. In LS-coupling this configura-
tion gives rim to the terms IJ(PODOF*). In bj-coupling the same number of energy levels
and the same resultant J-values occur, but each level is defined by two j-values, one for the
d-electron (1% or 234), and one for the p-electron (03 or 13). By analogy with Au ii and
Hg in, Shenstone has suggested the j-values given in the table for 8 levels of this group. Of
the remaining "odd" levels, three with J=2 and one with J=1 belong to the 5&' 6p configura-
tion. The rest are doubtless from 5d' 68 6p; but configuration-interaction and the lack of
adequate observational material make it impossible to assign with assurance LS-designations
with limit terms. Consequently, the levels are listed in numerical order in the table. A
table giving the transformation from jj- to LS-coupling may be found in the book by Condon
and Shortley, p. 294.

The limit is from the 6, 7. s'D series, which represents the removal of an s-electron from
the d' 8 configuration. It has been derived by a Rydberg formula, but corrected to allow
for the percentage error known to apply in the first long period, in cases where the more
accurate Ritz formula could be compared with the Rydberg formula for series of three
members.

REFERENCES

W. F. Meer and 0. Laporte, Phys. Rev. 2S, 642 (1926). (T) (C L)
A. C. Hasismann, Astroph. J. 66,333(1927). (T) (C L) (Z E)
J. J. Livigaood, Phys. Rev. 34, 185 (19M9). (I P) (T) (C L) (Z E)
A. T. Goble, Phys. Rev. ", 346 (1I=).
E. U. Condon and G. H. ShorUey, 7Tho 7%.ry of Atomic Specotr, p. 294 (Cambridge University Press, London,

1951).
P. F. A. Klinkenbes, Rev. Mod. Phys. 24, No. 2, 63 (1952). (Summary hWs)
K. G. Kessler, W. F. Meggers, and C. E. Moore, J. Research Nat. Bur. Std. 53, 225, RP 2538 (1954). (C L)
A. 0. Shenstone, unpublished material (September 1954).
H. E. Walchli, A Tabe of Nudear Momau Data, Oak Ridge Nat. Lab. ORNL-1469, Suppl. II, 31 (1955).

(Summary hhs)
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L Cknfi. DuihI. J Level I Otwval •bs. v L Conkg. Deft. J Level IterwvI Ob.

ID( J6 Go ID 3 00-77 . Ol 50 G 6p 4 I4 . L 34
2 1 .9 1.01 i

a291 W(O'D6p, 1 47740. 6 1. 43

444 u- &M 18 0 640L3 131 w; 6 6p 4 48561.0 1.26

.18 SD d"~D.6 S"'D 0 61401.0
41 1 248585.65 1024

""sp 1 2 6567.5 . 1.0.2

"'? IF e.0,6 3 101M 8 821 5 d6@ Op 8 48779.5 1.22

" D OIW oI on0333 560 6p 8 49986.1I LlIt

" ID, Wd(Da,46s 6@ 3D 2 13496 3 1.17 311W4-J.2

W'? W S5d'60 2 15501.8 0.92 2 48a 8 1.12

136 1 50055.5 0 87. 'P, we.,' 1 18566.5
51 5de Go 6p 3 51007.5 1.21

• we.'• • 4 21067. 1 1+?
371 2 51556.9 1.13b'D, we.'8 2 2666. 0.97

;31 2 51545.5 1. 25. ,D; Sd, e,(F)6p 48S0157. 0 I. 46

1 5 "($D K6)epw 2 55650. 0 1.39 321 2 51751. 1 -. 34

401 1 51071. 6 1. 2221 S e. p 5 55680.5• 1. 32
s ID, 5d($D,%)7 7x ID 8 52379.3 8 287. . 32

31 W('D,,j)6pm 3 54155.1 1.21 'D, i 2 52667.2 1.04

41 W 6a 8p 83551.7 1.33 411 2 55708.5 1.46

Bde 6 6p 4 56596.4 421 1 55019.5 1.08

x 'Gi 50 Gm(4F)6p 6 56781.6 1.83 431 2 55955. 1.32

51 5cE(*DujON5 1 36844. 7 1. 09 wE 6. 6p 3 54011. 1

61 3578434.1 1.15 441 5d 6e6p 3 54859.5 1.21

71 50(sDejtpaK 4 57580. 7 .125 45f.9 2? 55*16. 8 O. 96
81 W(2D.jpM 8 587769. 0 1.17 Sp e•.6p 3 5556. 0

s 6Fl 5d 6o('F)6p 5 58556. 1.30 ..'Fj 50 6o('F)7, 5 55640. 7 1.41

101 2 S851.9 0 88 D4 4 56784. 4 1.27

111 5e 58 ap 4 40194.0 1.21 3 57506. 4?

12% 2 4016.8 1.88 2 57987.1

131 2 40787.9 1.20 Qs 3 59731.5 1.3

14; EDOJ~pm 0 40875 Es 3 59751.2

Fs 3 59764.3 1.27
1 w 1 597818 1.07

161 1 4150 7 O 92 HS 3 5987 1 1.23

171 506@ Op 3 4160. 8 1.19 L 4 598814 1.17

18? 1 45187.8 1.89 is 2 59906. 1 1.02

191 1 45945. 7 L 21 # 3D, 50('D1 T)7* 7# OD 1 60357.8 0. 52

201 5w S Op 4 4485 7 L 20 *I'Ds 5dl($Dim•7 7# ID 2 60640.6 1.08

211 2 44444.4 1.21 Ma 3 60790.4 1.07

221 50 60 6p 8 44750.8 1.19 N4 4 60684.0 1.29

23t 1 4565. 4 1.52 R1.s 64120. 1
241 2 46170.4 1.01 To 6 64141.3

251 2 40419.4 0. 87 0 4 6450& 9
2s. 5 ,So . 0 4045 .-9 --------------.--....... .........
27 8 46(6915 .5 Pt u(.D, 5 Limit ._72300
February 1965.

0 0 0 0 0 0 S 0 0 0
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(ri sequence; 7 electrons) Z-73

Om"n state Iass 20 21 30 310 3d3 40' 49 4P3 4j" 50'6 W 50 D,,

Gd' MD, 10198 1. P. 18.50 volts

Te analysis is from Shenatone, who haa observed the spectrumn from 970.4 19 A to 4514.17 A
and dassified more than 550 lines. His spectrograms were made with three sources, namely,
the arc and spark in air and the Sch~lar tube. He commenta that "High even levels are
calculated from are or Schfiler tube wave numbers which are approximately 2.5 greater than
the spark wave numbers" given in his published table of classified lines.

Shenstone's notation is given in the left-bad column of the table, and his suggested term
desgain have been adopted. The limit terms in the "Conhig." column and the prime. used
in the "Desig." column to denote the different limits have been introduced by the writer. A
single prime indicate. that the Ptxu term arise. from the second highest limit term in Pt wn;
a double prime, the third limit term, etc. Since the Pt in spectrum has not yet been analyzed,
the limit terms are assumed to lie in the same relative positions as indicated by the positions
of the Pt U teows.

T7he doublet and quartet systems of terms are connected by observed intersystem combi-
nations. Many levels have been assigned numbers only, "because the coupling is more nearly
jj than LS."

The ionization limit ham been derived from the =.'IF,, series (s-6 to 8) by means of a
Ritz formula.

REFERENCE

&. 0. fBsesoone, PhL. Tm,.. Ray. Sos (London) [A) M., No. 782,483 (1938. (1 P) (T) (C L)



Sbsho m cof Dal&. J Iav~i Istwwa Shemuism. Co004 D=W . J &V Ly l mtam

M3Dug~li -3S D ~ & 413.9 4%*j ) 78481.8

Go X9K2 k"* 1)4 74000L 168 2lu 13321La sm
Go 'l1 59L 4 -" 1 1 461M 1)4 74841.8

lu S(')6 6.'P 2" 1 " 4 2%4 74019.6

a~ 21717.5 Amk 3)4 74748.8

IelGoS() 80 29 2866 1 7. -SMu~ 8 W 0)f 7475M.5

44"k 3)4 751M. 8
SDO&PD)6@ 6." OD 19 =W 3 04

G&W 'lug "6 967 sb 2)4 76469.1
2'u 36484.2 r. 931m4 1%4 76610.7

GO FuI M 3L0 52W 4)4 #I 759.
am W~P). 6M' OF 0~ 2725&141 8

SONL 53k2876 l 2.% 78044.0
b'*Gu 5DG)6. 6o"' '0 3g) 98.451 4%4 7890. 8ft-G.4 4) 20M 281.6
6p'Dbk SD('lp 6p fD4 3" 5140&98 -9m 55wg 2)4 7960.1I

241m~j1 M5 6  911k 2)48WU& 7

INS87f. -619Z 0 561M 3)4 81897.9

6P'GIg 50(17)6p Op 6GO 1M6540 A8.
20kj 0837. 7183.1 570)8565

221% 2)4 5708. 89 ) 894

2Mk 60(&l)Op Op wr 4%~ 80 . 58W 3)4 88555.7

1$60W 4)4 8418&.5
271k 4%)4 S 65M 6 1 k 3)4 M 8701. 1

2%w 3)( 65759.5 621H 2)4 89608.5

291,. 1)4 64589.0 68" 4)4 8086&.9

SW2)4 64757.6 90o~j 2)4 95459.0

31kf 2)4 65MI. 4 64k" 3)4 9555.1

32-M 0)4 6557.4 65W 3)4 95489.6
331" 1%4 66059. 68Ws 4)4 9409.9

34m )4 66484.6 67kg 2)4 95754.9

35 km 2)4 6865&.4 7* slug 50(s'l)7 Is 'F 4) 958Uat 874 'lug 3)4, omit a3Sf& 04 69o9. 1 2)4
37k" 2)4 69959.71

sew 4)( 70181.8 68W 8)4 97680.9a

39ki 2)4 70879.5 891M 2)4 98187.56

401k 2)4 71515.0 1M3 "870
711" 2)4 99M0.68

411k 2)4 7194&.9 m2 2)4 99797.7

421, 2)4 75991. 8 73kN 2%4 1005M. 7

431% 1% 78096.7 741% 1)4100819.0



Pt nCAMOM PtU-C~dmW188

lbsm~of CI.d Dole. IJ LIav.In v MadamSeno. CmAhg. Deiii. .1 1aL i nt4a

T&W13 Ig lna w 4H. 4  501(67)6d 6d4'H 634 10476L 9 18

706 3% 10M84 0.

$mw &F To 234 101190.3 1 0 3$

vu33410184A 9 12..m 6(4)d 6 43 ' 1061.

TOW. 234 101M86 234

"76k 334 101515.9D? I3 Wt'7)4 64 'IF 43 106M9. 1
sow. 334101549.4 24. 0434 -3

Be Wom 5d(I7)ss So 4F 44 1206266 ?
$21M 2%4 10IM7? 33A

883k 234 101917.5

84m4%4 109k. # 15*6 50 74 434 124047.0

856. 234 105415.5 160 50 7 434 124487.4

881k 2%4 10840&

$7k" 334 1056517.4 Pt III(&F,) Limit - 1497283

August 1954.

Pt u Ouuzsvuo Tang. 1 .

1.'2 2pjrrtSwd- 4 Obseved Turms
4p$ 40441m0 W4

5df W sD

as (ns6) ap(.Žs) "Id (S s6)

WJ~ 64k 4? 6p 'Do 6p TO 6p'GO 6d4F 6d4G0 6d'4H

WSoP

54'('D~aW" 62G'

*For Predcte tamn in the Spoeftr of the Ir I boelesroi sequence, wse VoL U;, Introduction.
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Gm, md mate 1.' 20' 2•O3' 3d" 4.' 49 Us 4"' .' 50 , Us" W

68%W T"I1 K I. P. 9.22 volt.

The analysis is hfom Platt and Sawyer, who have revised and extended the earlier work
by Thwr.., MeLennan and MWAy, aM others. They list 315 clasfied lines in the interval
1494.57 A and 10100.0 A. Their limit has been derived by fitting an extended Ritz formula
to the ae'8 ae• (4-7 to 10; 9 to 12), and the d E'D series (%- 10 to 13), the average deviation
being *3 L

They have asigned arbitrary numbers to the miscellaneous levels; these numbm have
been retained in the left column of the table.

The three-place observed g-values in the last column are from a manuscript by Green and
Maxwell, furnished in advance of publication. The writer has determined the 5 two-place
g-vslues: 4 from the observations of Symons and Daley, and I from data in the 1955 manuscript.

Platt and Sawyer state that the level. from the 5d' 6# 6p configumtion ame divided into 0
two widely separated groups "based, respectively, on 50 "Doi. and 5d0 2Dw of Au in." This
resits from the fact that the Au i spectrum exhibits approximate J:-coupfing, as is the case
with Au n. The levels of Au a having as limits 'D, and 'Da, in Au in are commonly desig-
nated ']),,, and ID, ID, when the limit terms 'LD in LB-notation have their levels grouped in
pairs. lnb.ooupling the pairs are described by the notation 4,, •,s, and d?, sw6, respectively.
The complete configurtion assignments have the form 4, and diT, combined with the -values
of the running p- and ae-lectrons, those for the running p-electron being 1% and 0%, and for
an Aeectron 0%. The order of coupling of the vectors is not yet known for Au z.

In the table the subscripts for the electrons have been introduced by Trees and the writer
to describe more fully the configurations of the observed levels in jj-coupling. Although the
criteria for these assignments are not definitive, yet a good guide is available in Au i from a
study of the observed g-values. For this purpose, the theoretical gý-values for js-coupling have
been cslculated from the formula by Mack, on the assumption that the d- and a-electrons
together are coupled with the p-edectron. These are given in the following table, which is
complete for the 5d Op mrray of levels. In the left olumn the j.-coupling notation is given
for each of the four groups of levels. Beneath it is an arbitrary notation indicating the J-value
of the limiting LB-level. This is included to facilitate comparison of the observed g-values
with the theoretical Landd p-values in LB-coupling for the terms involved, which, in this case,
we 24P.DOIr and T'D*rl. Observed g-values are entered where known. Leaders indicates
that the level is known but no observed g-value is available. Three levels marked "absent"
have not yet beeo found.

S • 0 S 0 0 0 0
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5d 6.(IN6pus Thor L 013 L 187
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For the running d-electron no attempt has been made to indicate the j-vslues, as the data
are too incomplete. The limit term, together with a suggested J-value denoting the limiting
level involved, is, however, tentatively assigned.

Some ZS-designstions for miscellaneous levels, given in the literature, are quoted here,
and others have been added provisionally by Trees and the writer, but no attempt has been
made to group the levels into terms because of the departure from IS-coupling. For W 68 6p
levels Raesh has made a theoretical study of the arrangement of the terms in LS-coupling for
Cu t, which, combined with the observed g-values has served as a general guide in making the
present very tentative LS-term-aseignment. in Au x.
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Mwe analysis is haom Plait and Sawyer, who have revised and extended the earlier work
by Mclennan and ModAy, Rao, Mack and Fromer, and others. There are approximately
200 classified lines in the interval 820.42 A to 899.7 A, but the work is still far from complete.

The qwetra of the Pt i isoelectronic sequence are of special theoretical interest because
they approach N~-coupling rather than LS- or JI-coupling. This appears more conspicuously
in the spectra of higher ionization especially among the levels from the 5de(`D)6p configuration.
A detailed study of "The Four Vector Problem and Its Application to Energies and Intensities
in Platinum~ike Spectra" has been made by Goble. In LS-coupling this configuration gives
rise to the terms IJ(PD*F*). In bj-coupling the same number of energy levels and the same
resultant J-values occur, but each level is defined by two j-.values, one for the d-electron
(I%~ or 2%), and one for the p-electron (0% or I%).

In the table the writer has assigned LS-designations only for the terms from the WM(')ia.
configuration, although the li-coupling applies here, also, as can be seen from the pairs of
8.- and 7.-levels. The levels from 5d'(D)ap have the j-values of the d- and p-electrons, as
required for jj-coupling, indicated in the configuration column, the former being the same as
the J-values of the limit term 21. Shenstone has suggested th~at by analogy with Hg in the
configuration assignments by Platt and Sawyer be interchanged for the levels labeled 5* and 8*.
This has been done in the table. A table giving the transformation from jj- to LS-coupling
may be found in the book by Condon and Shortley, p. 294.

The observed g-values are from a manusozipt on "The Zeeman Effect of Gold", furnished
by Green and Maxwell in advance of publication. They supersede the early work by Symons
and Daley.

Platt and Sawyer state that their limit is estimated, with the help of Rydberg term tables,
from the known terms of the 5d9 no and 5d* np series.
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MERCURY

so eectrons Z-80

Ground state 1.' 2 2e9 W 23 U10 40 4p6 4d" 4f' 5p59 6L. '•.'sS

60 a'S, 3184.1 K I. P. 10.43 volts

The first spectrum of mercury has attracted the attention of many investigators. Its
lines exhibit isotope shifts, Paschen-Back Effect, hyperfine structure, Stark Effect, and other
phenomena.

With the development of the electrodeless Hg• lamp, the spectrum has come into special
prominence. Meggers has pointed out that with this source the observed wavelengths provide
ideal and reproducible standards. Barrell has shown that these standards can be reproduced
with an accuracy of ± 1part in 10'. The line at 5460 A is being considered by the Inter-
national Committee on Weights and Measures as the primary standard of length.

More than 600 lines have been classified in Hg i. The observations extend from 745.95 A
to 39970 A. Observed intersystem combinations connect the terms of different multiplicities.
A number of "forbidden" transitions have been observed. Mrozowski discusses the structure
of two such lines, X2967 and X2269, as due to the "nuclear perturbational effect" in the odd
isotopes. This has been discussed further by Kesler.

Shenstone and Russell comment that "The mercury spectrum contains long series but none
of them is capable of giving an accurate limit" because of perturbations. The writer has
obtained the value of the limit quoted in the table by adding the correction suggested by
Walerstein, +2.8, to Paschen's value 84181.3. This limit gives fairly consistent values for
converting the different lists of absolute term values later than Paschen's, into one complete
array of terms starting from the ground state zero. The tabular values of the energy levels
are not derived from a homogeneous line list, and the wavelengths are in general none too
accurate, even though selected ones observed with the interferometer are measured with
precision. Consequently, the narrow intervals given for some terms in the table are within
the errors of observation and the terms may well be unresolved.

The three-place entries in the table are from Burns, Adams, and Longwell; and from
Fowles, who has corrected the older values of 8p IP*, and confirmed the suggestion by Shenstone
and Russell regarding 6p' 'p*. The two-place entries are quoted from Humphreys, who
has observed Hg i in the infrared, and also from Fowles. Walerstein has extended the series
of "even" terms, and his values have been used for higher series members. For the "odd"
series having the 2S limit, most of the higher members are taken from Murakwa, but the
terms np 'r (n=15 to 26) and tp IP (n=17 to 19) are from Kamiyama. Sawyer and Beese
(1926) reported the 69 'P1 ,, levels. The level 6p9 1P, is from Garton and Rajaratnam, who
designate the line reported by Selwyn at 1972.94 A as 6p $rl'-69 'Po, in place of Sawyer's
line at 1900.1 A. The long series having as limit the *D term in Hg ni are from the lines
observed in absorption by Beutler, in the extreme ultraviolet. These lines represent transi-
tions between the ground term 6.' ISo and levels above the ionization limit. Only the
transition J=0 to J- 1 is to be expected, so the missing components of these high triplet terms
have not been indicated in the table. There are also three components of triplet terms from this
limit below the ionization limit, which are listed separately, namely, 6p' 'FO,, 6p" I Do, and
6p' p"P. The J-values of the limit term and the values of the high 9D limits are quoted from
Beutler. Shenstone also discusses auto-ionization in his paper entitled "Ultra-Ionization
Potentials in Mercury Vapor."

The observed g-values are from Green and Loring. Both Paschen-Back Effect and hyper-
fine structures have been extensively observed for selected lines, but few g-values are reported.
Only a small selection of the many references to this type of work is given below.
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dP 60(18) 17. 178 as 1 83459.0 Uds 68(88)20d 20d *D 3 88802.4 -0 22 83082.6 -- 8
S'P "a()17a 17. i8 0 8466. 4 1 83802 9

Pd' 6s(9)17p 17p $pr 0 SdU 6(SB)22. 22. 18 1 83817.6
1 8W51. 7
2 58651. 8 .9 5P. 6()22p 22p po 0

1
SdP 6("9)16d ld ID 2 8826. 7 2 58884.5
5Pd 6#(" ~led 16d &D 1 83528. 5 0. 4 dNI 6s(28)21d 21d ID 2 83842. 72 83528. 9 L 0

3 83529.9 10 66(18)21d 21d ID 3 83843.6 -0.7
2 83844.3 -. 3

3d't 6( 19')17p 17p 'po 1 8 8880.?• 1 8384 0.0 0.

5dP 6#()14f 14f 'P" 2 5d"' 6(2S)23& 23s 18 1 83856.6
3 83680.9 7.7
4 8U88.6 5d. 6a(s8)23p 23p 'P 0

1
8d6 6(")8Igo 18. 19 1 83564.0 2 88868. 0

5d- 6#()1S 18. is 0 8356. 6 5d' 6.(19)22d 22d OD 3 83879.0 -0.3
2 83879.3 O. 2

d 68( 1 )lSp Isp $p1 0 1 83879. 1
1 M. 9 12.80
2 8M18. 1 5dO 6s(28)24# 24. '8 1 83889.7

Uda 6*(1)15f 15f 'FO 2 Uds$ 6s(8)24p 24p 'P 038 &SW0. 8 & 1 1
4 88o69.5 2 88895.6

Mv 6&(F3)17d 17d ID 2 83617. 4 UdP 6s(5)23d 23d ID 3 83909. 2
2 83909. 8 -6

5d '6(4n17d 17d 'D 1 83618. 5 L 4 1
2 8361%.9 1 4
8 83Ma 3 0.4 6#(*)25# 25. IS 1 8391M 0

rd' 68(18) isp 18p Ip 1 8819. 9 5P 6#(2S)25p 2 5p IPo 0
1

5d 68(") 198 19. i8 1 83647.9 2 8850. 8

5d'6@('" )l9 198 I8 0 83661.2 UN 6a('S)24d 24d 2D 3 83933.9 -1.1

GdI 6#("19)1p 19p 'po 0 2 83935. 0
1 88677. 9 1
2 88686. 0 8.

UP' 6,('S)26p 26p oPr 0
3d' 68(l8)18d 18d :D 2 83690. 7 1

2 88945. 0
us 61(i)l9p 19p 'Po 1 886e9. 8

5dw 6('S)2•Sd 25d 'D 3 83955. 7 -as5d' 6.(19)18d 18d'8D 1 83697 0. 1 2 8395.2 -0.
2 88692.8 0.8 

1

3 83693.6

&M' 6o.)20. 20 19 1 8U715. 4 UP 6'8)26d 26d ID 3 8397. 6 -0.4

UP 6.(120# 20s 18 0 83718. 8 1

&•sd 6(20p 20p j, 0 ad- 6#(28)27d 27d SD 3 83992 4
? 2
2 88745.7 1

NP 68(isMI 19d 'D 2 83750. 3 Ids 6O(8)28d 28d 8D 3 84007. 4
2

&dP 6(19)1d 19d ID 3 8378. 1 1
2 83762.6 O a
1 83758. 5 - 9 5d' 6o('S)29d 20d ID 3 8402L 8

2
SPd 8('U)R21I 21s 18 1 8377L 1

0 0 0 0 0 0 0 0
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----------------------------- Esue'Du4  Limit - -19

Hg U(mSug Ull~t --- 41" 1 5d' 6s'(IDaj7p 7p'ape I 11MM5

US' 6a'Dui)p 6p''P- 1 78570 50' 6a('DaW7p 7p''DO 1 180715

5d* 610 OP' IP 0 W"00 =4W 6e'(lDL,4)p sp' SPO I Isms7
193980

2 Sd0 6.'($Dam)gp Sp''D* 1 19754

Be- 6'(lDuw)6ja Gp''D* 1 95757 5dl 6a'(IDuwj 5f 11- 1 157770

WD 6u'eDan7p 7p' P* 1 105881 UP 6e'(IDu~j9p O99 ape I 195951

5dO 60aeDn)8p gF' 'P 1 115579 50 60.'(Daava)p 9p''D* 1 150058

UdP 6s'(lDa,5ff 5f I'P? 1 115755 50 6aa(2D,%)Sf f i'rap? i 13MI8

Sd' &'(sDu4 )9p 9p, aPO I 11505 5d' 6a'(3Da,m)I Io Op' pe 1 151444

50 6.a(aDuj Srf ape? 1 115545 Sd' 6u(2(Dia) lOP lOp' IID 1 151955

5D We(IDaW l0p lOp' Ipe 1 116498 5D SO(IDa,1 )7f 7f' ape? 1 151644

50' 60(IDau7f 71r ape? i616fldU S6a(IDW I p li 1 ape 1P I155545

UsD 6a*(SDali lip lip,'ape 1 117555 UP &'(2Daj)8f r'ape IF? inm"o

UP 6a'(IDO)JI Vj ape? 1 117455 Usd GO.(ID.)12p 12p' ape 1 150951

50 6s3(BD3a) 12j; 12p' pe 1 117915 50' 6aa(sDa,~) 1p 13p'IP ap 115551

UD fiS(SDW)9f 9,' Ope? 1 117964 WD Wa('Dag)l14p 14p' P0  1 155588

UP 6u3(ID3)4 ) 13p 13p' pe 1 118507 50' 6a'(%Da) 15p i5p' ape 1 183790

50 8a'( 2Da~ia Up 14p'JPap 1 11i 8 Wiis 6a'('Das)16p lIp ape 1 1559400

WD 60a(11),15p i5p' ape 1 118765 USD 60a'Dlx~)17p 17p' ape 1 154057

WD 6as('DUJ l6p 16p' ape 1 1189151 --------- ----------

WD 6a'('Dn,4 )7p 17p'P ap I 11905 Hg n(lDIj) Limit 1-i34732

50' 6ha($Dma)l8p I8p' ape 1 119119

Februar~y 19656.
Hg i OmnanvzD Tuuaa*

Configuration
10' 20' 2 p$ 342 3p@ 3d' Observed Terms

4al 4VI 4415 4f- 50 5pG+

Mat ps eps II

awIaŽ7) uap (nuO)

68(28nx 7to 2* IS6 to 26p SP*
7 7to 21* S6 o19 1

SDa'D6s I to 17~,p' 8 O to lOp' -D pSF
6 to 18p' 'P0  6p' 'D:

a~d(a 26) uf (n 2:)

&P 6808)"a;1 6 to 29d $D 5Sto 1Sf IFO
1. to 21d ID 5Sto 13f Ir

5 Stogi SpO
50.eDsa 5atos 'PO

Vor prediotsd tarm In the spectra of the Hg i Inoelectronic sequence, se Vol. m, Introduction.
255759.-58---16



(An z sequence; 79 electrons) Z-800

Ground state 1.' 2.' 213. 392 3p$W 40 4p 4t" 4j" W. W9 UN 6.o

6. %w 151280 K I. P. 18.751 volts

Alhoughthe doublet series having "aslimitthe term% in Hg m are well established
in Hg u, the analysis needs to be revised and extended for terms from higher limits. In the
table, nearly all the series terms are from Paschen, who revised and extended the earlier work
by Carroll and others, In addition, he found the 6.' M term and the levels labeled Z, Y,
U, X, C, B, and A in the left column of the table, headed "Author"'. McLennan, MeLay,
and Crawford extended the analysis in 1931 and added the levels that are designated by numaer-
als in this column. Naud6 (1929) suggested a slight improvement in Paschen's 9 '1D term value,
and added the series terms labeled 1011%& 12 2D2,,13 2'Dj, and 9 $Fa in Paschen's notation. He
also published a number of quartet terms, most of which are included among the miscellaneous
numbered levels. Three levels 76924, 77041, 91064, and one above the ionization limit have
been omitted here.

As suggested by Edl6n (letter, 1958), it has been assumed that the g- and A-orbits do not
penetrate, and that the lowest $0 term is 59 2G.

There are approximately 300 classified lines in the interval 893.10 A to 10590 A, including
the inf~rared extension by Rasmussen, who added the 5g 'G term.

Paschen calls attention to the strong line observed in emission at 2814.93 A, whose designa-
tion is 6. %S.-6#2 'Dj. This line is "forbidden" in two senses, in that it is produced by the
transition between two "even" terms and also violates the J-rule.

As in Au x, the levels from the Wd 6. 6p configuration in Hg ui exhibit characteristics of
jb-coupling. They have as limits the pairs 1D&.2 and ID, ID2 in Hg iu, which, in jj-coupling
would be designated as 4ot 8" 1 and d'j84121 , respectively. The complete jj-coupling notation
for the 23 levels to be expected from this configuration should indicate, also, the j-values of
the running p-electron (OX~ or 1%4). Further details regarding this notation may be found in
the text for Au x. By comparison with isoelectronic spectra, Trees and the writer have ex-
tended the published configuration assignments in jj-coupling, very tentatively, to include 19
levels in this group. A number of "odd" levels still remain unassigned pendink further study
of the spectrum.
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ls 64(*'8 8) i.s oi% 0 lim 84f 6ftj 6p~j 234 79704

'DI 50 6.' 6al 2D 23 35514 lasms 2b 3%4 84009

2P, W5B)P 6p ape 03 ai4m 912883
2Ps 13 M 9123 41M 13% 56177
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Aum C40 Dedg. J Lowl Zaterva Autbor Co0"& Dog4 J IImvl latrval

3 D S d e S) U SU ID I "
%a 546 kw SOhm 4361 A 6D] g

Gw IS 0400134 1334MM

TIM 3U "IO 13% 1329

GP 3(,8)9p op 're 0)6 18467

Af 23401 13628"

38 SdS('B)Ta 7.8 is 03 95114 2

41gm 2%4 136712

9k 5 5owg 6% pug 031 56185 as BPdQ8) 10 10. So 034 138434

low0t 24 97004 61. SP(')7/ 7f 2P 334 13879831

lie 5dbj, G6u GlUE? 1I%? 10065 6F: 2%4 139819

121MI 134 088 60 5P(8)69 6g $q G 3A34% 434 3041
ofSD, 8('8)d 9U ID 1%4 139627 6

sp ) S7 D: 2 139695

140o 234? 1040*6 OP, dU-(I8)10 lop 'P0  03 1401"8 201
3D, 5dUQ8)6d 6d 2D 13 104983 __ 5, 402
3D, 23 105M $0 2J4 14013.5

y sPo 134 106066 a8 SP(18)ll 11.18 a 034 141914. 5

1SO 3%4 106513 7F, 5d'(')Sf 8f IF- 3%4 145107.3 -&

U U64 6..., Slud Si' ON 106293 71, 234 145100. 7

-Vug 84k 6#m 6pus 0%6 106810 7G SP'QS)7g 7g IG 3%4,434 142293.4
71), 5P(B)I0d 10d '1D 134 142660 018km 134 106714 7D), 234 142709. 5

3?, Sd'SQS)7p 7p 'Po 034 108598 3672 7P Sd'('B) I1p UiP IP 0%4 145959 158
aPs 134 111570 7P, 134 145117

20b, 334 108974 78 5d-('8) 12a 12.'08 034 144150
X 54, Go". fPIpu sp 134 109189 SF, 5d'Qs)9f 9f IF- 234 1445891

221k 54.,ft & 1h I% 134 " 8 F, 3% 144590

'Dim % 1 4 50 5d'S(')Sg Sq '0 334,434 14440L 7
SDI U-"('8) Ild Ild sD 13X 144658.2 X428k Utgm Go"61u 3%4 111175 8D, 234 144679.6 2.

4DI, 234 116200 4DL 034 144910
4DI, 134 117339 9F, 5d-(18) 10! 10f IF- 3%4 145768

4LO 1979F$ 234 145769

38 5d(8)1 e$a 0% 11469G 64o(18)9g 9g 2G 3%4,434 145847.35

C DFr 234 151960 9H 5d-"Q8)gh 9k 2HO 434,634 145849
9D, 5d-@QS)12d 12d sD 134 14W02& 6 27B 1%4 122186 91), 234 14605

;41, Sd'(q8)sf 5f IF 834 15155 -25 &u 234 146647
aF 234 105409

4D 5-(8)d 2 1 1534 " 100 5d-(S) lOg log '0 334,434 146880. 4

4Ds 234 125578 10H 5d-(tB) 10k 10k sHO 4%4,S5% 146885

4Of &MI(S)SP sp 2p- 03 156945 101) 5d'(WS) 13d 1d 2D) 134 147014 21
4P, 13 157795 IODS 234 147065

41 a"A e 8 ) 125911G 5d*QBi)llg llg 2G 334,434 14764& 0
48 5~'89a 9.'S 03 1259121), 5d1@(')1 15d W 1 134I 148311

4D1. 334 132714 234

S.181), 5dw('S) 16d 16id ID 134 148743
U1, 23 13385 -82 234AG 5d*('8)5g So 20 334,434 183653 - - HK 11S18) -Limit ---- 151280 ___

Februezy 1958.



HgD

(Pt : sequence; 78 electrons) Z-80

Ground slate 1.' 2' 2930' 3ps 3" 4. 4p$ 4d" e 5. 59$ Sd 'S,

5 2NW• hU K I. P. 34.2 volts

Foster has revised the earlier work on this spectrum by Johns and others, added 13 new
levels, and published a list of 99 classified lines between 610.46 A and 8151.64 A. The energy
levels in the table are quoted from his paper. He has reobserved the spectrum from 2240 A
to 10000 A, by means of an electrodeless discharge, and utilized measurements by others in the
short-wave region for transitions between terms otherwise well established. His interpretation
is supported by observations of isotope shifts.

Johns has published a list of nearly 500 classified lines between 570.91 A and 8451.1 A,
attributed to Hg m, and 41 levels not reported by Foster. Most of the additional levels are
assigned to the 5d06,7d; 5d'Ss; Sd* 7 p; and 5&F5f configurations. This more extensive list
needs further confirmation because some of the lines may not belong to the Hg m spectrum.
Nevertheless, "a large part of the analysis as presented by Johns is confirmed .... "

The spectra of the Pt i isoelectronic sequence are of special theoretical interest because they
approach jU'coupling rather than IS-coupling. This appears more conspicuously in the spectra
of higher ionization especially among the levels from the 5d'('D)6p configuration. A detailed
study of "The Four Vector Problem and Its Application to Energies and Intensities in Plati-
numn-like Spectra" has been made by Goble. In IS-coupling this configuration gives rise to
the terms '-'(P*D*F°). In jj-coupling the same number of energy levels and the same re-
sultant J-values occur, but each level is defined by two j-values, one for the d-electron (1 % or 2%),
and one for the p-electron (0% or 1%). The j-values for the d- and p-electrons, as required for
ji-coupling, are indicated in the configuration column, the former being the same as the J-values
of the limit term 2D.

In the table the writer has arranged the levels in numerical order and retained in the left
column the arbitrary numbers used by the authors to designate the various levels. She has
assigned �-designations in the case of the I"D terms from the 5W(ID)na configuration, al-
though the ji-coupling applies here also.

Foster adopts jV-coupling notation for the levels having the configuration Sd 68, asigning
the first group of three levels (J=4, 2, 0) to " 60' 8.", the next group of four (J=3, 2, 1, 4)
to "54,L. 6.", and the last group of two (J=-2, 0) to "54,, 8.'. A table giving the
transformation from fi- to LS-coupling may be found in the book by Condon and Shortley,
p. 294.

Johns states that the limit is approximately 276000, which is quoted here. Mack and
Fromer derive the value 34.3 ±0.3 from a Moseley diagram for the sequence. In making the
diagram they used a Rydberg formula for the first two members of the 5dW(2D,,)i8 series,
J=3, and applied the same Ritz correction as for the Au i-like spectrum of the same stage of
ionization.
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is 6d 54d0 iS 0 0.0 b11 w68d' 6p 1 158M. 8

2s Wd'*De). Go SD 8 4280.8 14 U 56o 64• Is 0 15809. 0

So, W('Du.6e Go 'D 2 4460M. 5 521 5' 6p 2 1591. 4

4 d W(ADuj)6 Go AD 1 as840 8 5& W' 6# 6p 3 16001. 7

568 50(DW)6 6o ID 2 61066. 7 541 UP be 6p 1 16017a0

a6 5 GsAS 691 IF 4 97898 8 231 5d' 0. 6p 2 160759.5

13 W('D*)6pss 2 1W4649.4 5Sf Wd' 6o 6p I 16ows 9

85 0(ID{J)6pw 3 1064#7.8 243 UP 6sjp 4 16108A9?

T, 60d'6@ 2 1o607. 5 255 50 1 op 2 161451.4

98 5060 3 11222. 0 260 5d' 6a 6p 3 161461.8

as 60(9Dv,)6pmj 4 117994*5 273 Bde 6. Op 4 16#155. 0?

83 S(sDvj6puj 2 11854 0 281 5dI 6a 6p 2 169971.8

41 Wd('Da,)6p,, 1 118607. 4 29; Sd' 6. 6p 4 163451. 4

II, sO 61 2 118926.5 56t 5#'6 6p 1 163818.9
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So 50d K 0 122061.0 321 Sd' 6s 6p 3 166179.4
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12. 5ds 6. 4 126468. 3 341 5d, 6. Op 3 167580. 3

81 5d'('Dj)6pm 1 116556. 3 351 5d' 6s 6p 3 169063. 0

9 5dF('Du0p6pj 0 130701.4 361 Wd' 6S 6p 3 169666.8

13 5d 60. 2 133731. 5 371 5d' 6K 6p 3 171366. 7?

le 5d'('DI.)6p, 3 134588. 0 571 Sd' 6s 6p 3 171700. 6

11! 5d('D,,%)6p,, 1 134998. 7 381 Wd' 6# 6p 2 178968.5

121 5d'('D,•)6pM, 2 136479.0 393 5d' 6. 6p 2 175519.0

471 5d'S 6.p 1 147140.4 401 5d 6s 6p 2 177181.0

485 50d 6a Op 3 14846. 0 15 5d6('D2)7# 3 17842&. 2
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143 50s OS6p 4 150176.0f 411 5d' 6s 6p 2 180*46.8
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211 5 6o 6p 3 156580.0 ------------------.. -------......................

am 5 Sd' oa Op 2 157877.5 Hg iv(sDo) Limit --------- 27600

22 5 P 6s 6p 2 158W04.9

September 1954.
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The spectrum needs further study. By analogy with related spetra the ground, level of
Hg I isi predCte with certainty to beW 50 IUI* as has been pointed out by Edl6n. T7he analysis
is from Subberays, who has damsified about 200 lines between 038 A end 7517 A from wave.
length measurements by Cezoll, Bloch, Ddjardin, end Ricard. A homogeneous line list con-
taining accurate wavelengths is needed to confirm and extend the present work, since the limit
of tolerance within the multiplets in inexcusably larg.

No series awe known. T7he doublet and quartet terms ane connected by observed inter-
system Cmbinations

UNIPURZNCU

T. &. Bbbsra^a PM& Wksn An&. [ A) I, U(1985). M1 (C L)
5. ft ki. eta (Yebrmy 195S).
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14 0I 2450 -61420 0 Sf

is so 0A g 2404 -94 140 2)4 85051
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220 99957r

February 19M&
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*For predleted tem. In the spectra of the Jr 1imoelectronit sequence, oft VoL in, Introduetion.



THALLUM (M

$1 electrons Z-81

Ground state 1' 2.' 2193.' 31 3d' 4.0 49 4dW 4#" 50 519 5P 60' 6p sPm

p o1 'I 02"am K I. P. 6.106 volt.

The analysis is chiefly from Fowler and Psachen-Gtie, but some terms have beew added
from later papers. Meggers and Murphy have observed TI 1 in the near infrared and added
the terms 7, SfJ'F. Beutder and Demeter have observed in absorption, ultraviolet combina-
tions with the pround state giving the terms seS (n-8 to 20) and ad *D (n-6 to 23), thus
extending the former series by one member, and the latter by five. For the 'D series they have
observed only the level with J-19, but for %>12 these terms are listed in the table as un-
resolved. They give, als, the levels 'P*&,m, *Dim, and *Pm, from the 69O configuration. Clear-
man has measured 13271 Haans, adding the component 69 'P,. and the levels labeled 2* and V
in the table.

The writer has utilized the later observations to improve as many values of the TI i energy0
levels as possible. For levels above the ionization limit, rounded off values are tabulated.

Beutler and Demeter list, also, 9 lines observed between 651.42 A and 891 A (153510 K
and 112250 K, respectively). They suggest that these lines are probably due to the transitions
involving configurations Wde 6.' 6pg-5d' 6.' Opes ap (or possibly nJ).

There are approximately 160 classified lines extending from 651 A to 51057 A, indluding
a number of forbidden combinations. The observations by various authors do not yield

prcs term values even though the analysis is essentially complete. The spectrum exhibits
hyperfine structure and isotope shift, and several papers deal with Paschen-Back effect and the
Zeemwan ffect of hyperfine structure. Only a limited number of references to these topics is
included below. Back and Wulff report the hyperfine structure separation of the ground
level as 0.708K.

Ihe series are long and well established. The limit quoted here is from Fowler. Beutler
and Demeter state that the term 10.18S is perturbed because it. combination with the ground
state is affected by a neighboring line classified as Op 2flM-694P es. This is based on their
study of the series fitted to a Eydberg-Ritz formula.
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(Egi sequence; 80 electrons) Z-81

Ground state 1#2 205 30 3p4 3p40 4p$'4 5d 51 5P 6 o

W 'So 147U±5 K I. P. 20.42 volts

Ellis and Sawyer have revised the early work on M n and almost doubled the number of
classified lines by observing the spectrum with a hollow cathode source, from 639.08 A to 9254 A.
The total number of clasified lines is 247.

Hyperfine structure affects many of the lines and has been resolved by various investigators,
including Smith, MoLennan and Crawford, and others.

The Zeeman and Paschen-Back efects have also been observed for a few selected lines.
Perturbations in the series are discused by Ellis and Sawyer. They derive the limit quoted

above from the as IS and zd 'D series, n=-7 to 12 and 6 to 11, respectively. A plot of the
quantum defects for each of the series shows that they are unperturbed, according to these
authors.

Observed intersystem combinations connect the singlet and triplet systems of terms.
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D SuR('D)op 1 2 110857 d5 60('D)Gp 4 2 155437
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(Au i sequence; 79 electrons) Z-810

Gmoud state 1O#2l383Pd4 lOw4 u5.'5P'6d%

6#%B, 2MN K 1. P. 29.8 volts

The terms in the table are from McLennan, McLay, and Crawford (1929), who extended
the work of Carroll. They list 22 classified line. between 1231.57 A and 6927.8 A and one
at 8001 A. The analysis is seriously incomplete. The inverted 9D term from Wd 6.', whose
lower component should lie between 6p To levels and whose interval is approximately 18000,
is not reported in this paper.

P. Pattabhiramayya and A. S. Rao include this term in the list of 2 doublet and 6 quartet
terms which they report as an extension to the above analysis. Their work brings the total
of cla;ssied lines to 89, but their data are omitted here pending further confirmation. The
discrepancies within the multiplets between the observed and calculated wave numbers indi-
cate that more precise wavelengths are needed to extend the analysis.

Crooker describes the Pasehen-Back effect observed for X~5362, 7* wogc-7p 'PU The
two 1930 papers by McLennan and his associates discuss the observed hyperfine structure
and the observed Zeeman effects of the hyperfine structure component.. They include among
their classified lines one designation involving the level 5d$ 6. 2 Ds and another involving the
level 5d' 6. Op 'P%4 . The respective new levels from these two lines are approximatel'y 84595
and 155851. More combinations are required to confirm them.

The limit derived from the first three members of the 2S series by means of a Hicks for-
mula is 240300. The authors have increased this value by 300 to give an effective total
quantum number for 5g 2G that is nearly hydrogenic, i. e., 4.995.0
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Min 'II in

Config Deeig. J Level Interval Config. Desig. J Level interval

Bdn(18)6# 6028 0ON 0 SdNOBW5f ip 23% 176559 -1362

5d-(IS)6p 6p-P- 034 64157 14813 2%S6. 8 ' 3 188187
134 78970 V)8 82 0% 117

Sdw(SS)7# 7.28 034 13029 543('S)7d 7d3D 134 186358 9

Sd3(IS)Gd 6d *D 13 14535 1314 2 8%

23 146669 SdQS)59 5V 2G 3%4,434 201011

543("87P 7p2PO 03 157855 62 ------------ -------

T1 1654 vQS#J Idmit ----- 62"

November 1954.



(Pt i sequence; 78 electrons) Z=81

200

Ground stat 1s' 20 29O3. 3p$ 3d* 4.' 49' UN" efa W 9 5U" '5.

8d18, 401" K I. P. 50.7 volts

The analysis is from Mack and Fromer, who have revised and extended the earlier work
of Rao and others. About 35 lines have been classified in the interval 531.260 A to 1974.6 A,
and most of the results ar based on observations by Arviduson.

The spectra of the Pti isoelectronic sequence are of special theoretical intwe't because
they approach h-coupling rather than LS- or J-coupling. This appears more conspicuously
in the spectra of higher ionization, especially among the levels from the 5%($D)6p configuration.
A detailed study of "The Four Vector Problem and Its Application to Energies and Intensities
in Platinum-like Spectra" has been made by Goble. In LS-coupling this configuration gives
rise to the terms 'J(POD°F°). In j-coupling the same number of energy levels and the same
resultant J-values occur, but each level in defined by two j-values, one for the d-electron (1%
or 2%), and one for the p-electron (0% or 1%).

In the table the writer has assigned LS-deeignations only in the ease of the I D terms from
thm 5d•'(D)na configuration, although the jj-coupling applies here, also. The j-values for the
d- ++nd p-electrons, as required for jj-coupling, are indicated in the configuration column, the
former being the same as the J-values of the limit term ID. A table giving the transformation
from jj- to LS-coupling may be found in the book by Condon and Shortley, p. 294.

The limit has been calculated by the writer from the ionization potential given by Mack
and Fromer, which is obtained from a Moseley diagram for the sequence.
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Config. Deug. j Level Interval Config. Desit. J Level Interval

5ds 5da 15 0 0 58 (2D,6ptm 2 170554

60('Du)Oa. 6. ID 8 75052 - 5 5 .)x6j)h• 3 171057
2 78647 

1-15795

5($DOj~s 1 93676 5dP($D)8p 1 17690

50(*Doj6s 6a ID 2 96727 5d&(2Ds)6pM 0 181085

5('Dz•)lft 2 147655 5('Dz%)6ptM 3 187667

5OeDDj6pg" 3 149841 5DO•DO6p"j• 1 188555

50(sDooipo 2 1e6455 W('Da,)6peX 2 190144

5 QID)6p 1 1641-- - -----

S('Dhsp6 1 1 4 167675 TI v(2Ds) Limit I.-------- [4910k]
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Fb 1

82 electrons Z-82

Ground state 10 2.' 21 3.' 39 ° We 4., 49 40' 04' 50 59 dW 'W 69s 'P

69 'P. 5821.0-+ 0.5 K I. P. 7.415 volts

Gieseler and Grotrian have published the most extensive analysis of Pb x. Although
series have long been recognized, the spectrum has needed more thorough study. Conse-
quently, Meggers has reobserved the Pb i spectrum from 2000 A to 11360.0 A, and from
1614.73 A to 2000 A utilized spectrograms furnished by Shenstone. With an electrodelees
ultra-high-frequency source he has measured some 355 lines in the interval 6500.77 A to longer
waves. Of these, about 28 percent can be attributed to the known series.

The analysis has been revised and extended by Meggers for inclusion here, and some
levels have been rearranged by the writer with the aid of the new observations in the long-wave
region. There are approximately 240 classified lines to date, and very few observed lines
between 1614 A and 6560 A remain unclassified. All level values have been revised on the
basis of the new observations. The limit quoted by Bacher and Goudemit has been verified
by R. E. Trees by means of a Ritz formula applied to the n 'D$ series, n=6 to 20. Trees
points out that this series is the one least likely to be perturbed.

The F-series are based chiefly on the evidence afforded by the Rydberg denominators.
The LS-designations require further confirmation. They are included only to enable the user
to identify the series for each J-value.

A number of tentative new levels that need further confirmation have been omitted from
the table. They may belong to the configurations 6p9 or 6e 6pe('P)nz'. Four lines observed
by Randall between 12564 A and 15316 A can be classified from the known terms. More
observations in the infrared beyond the photographic limit, are needed.

Numerous papers deal with the Zeeman effect, hyperfine structure, and intensities of
forbidden lines. Only a few references to these are listed here. The observed g-values in the
table are quoted from Back.

The large interval of the ground term 2P0 in Pb u, 14081 K, results in a departure from
LB-coupling in Pb i. Consequently, an arbitrary arrangement has been adopted in tabulating
the levels. Pairs of related levels are listed together, with LS-designations indicating the series.
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Pb I--Conhued Pb 1--Coaftrned

Cod& Desig. J Level Interval Obs. V Conk. Denig. J Level Interval Ob. e

60 p('Phg)91 -fF 3 1)64.22 1.64 60'6p(2Pa.d)17& 17. 'P0  0
F 4 58067. 86 1 60M0. 4

60 ,(lPb,)9 Of IF 2 6.' 6p(2Pbd I16d 16d ID0  2
3 58101.28 1 59151.8

6al6p('Pb )13a 13. 1PO 0 US 6p(QPkd17d 17d $DO 2
1 58179.3 81 59144.9

6.' 6p('Pi)12d 12d 'F* 2 6' 6p(lPt%)18d 18d $DO 2
3 58409. 44 1 59810.4

60'6p('P&d)12d 12d 'Do 2 60 6p('P1~9d 19d ID* 2
1 58411. 19 1 59882.1

60 6p(2Pb) 10f 1•f 'F 3 5845.143? 1.20 6436p(2Pt4)6d 6d P" 1 59427.0f
10f IF 4 W51 663p~~6d 6 ~@ 1 9*.O

60' 6p('PW,)20d 20d 'D° 2
60' 6p(SPh)14* 14. 'PO 0 1 59438.5

1 58517.67 Pb x('PI,/,) Limit -.. 58621.60
60' 6p(2PjM)6d 6d 'DO 3 58518.8

6.' 6p(2Pf,)8. 8# 'Po 2 61610. 9
606P•2PI)13d 13d &DO 2 8. 'Po 1

1 58688.4

6.' 6PpQ) Iif 11! IF 3 5871140 6p(PPf%,)8p 8p 'D 3 65751. 51

il 'F 4 6. 6p('Pfi)7d 7d 'po 1 65871.38

6. 6pePb) 15 15. 'P 0 6.' 6p(2PIT)7d 7d 'D 3 66085.1
1 58761. 0

6.' 6p(SPI,)98 9s 'Po 2 67481.6
60 6p(lPb4 )14d 14d ID* 2 98 tpO 1

I 5888.4

60' 6p('Pbd 16s 16. IJ 0 60 6pQPTH)8d 8d 'PO 1 68915. 5?

1 58941.8 6.' 6p(2PT,)Sd 8d 6 D° 3 69749. 8

6. 6p('P 4 ) 15d 15d $DO 2 ---------------------------..
1 59084.8

Pb lx(sPPta) Limi - .. 73901

May 1955.

Pb z OBSnaVaD TMaMS*

Configuraton
10' 2.' 2p$ 3a 3pf 3ds 40' Observed Terms
4pl 4d- 4' 5.'5p 5dw+

6.' 6P, 6p 'P 6W D

no (n _>7) ,p (,;,•7)

6 6p(2,p)nz I 7 to 17e •POp 7 to 10p P 7 to 9p ID

,d (_)(6)

60 6P('P*)nx {6 to 8d po 6 to 20d 'DO 6 to 12d 3F° 5 to 10f IF?6' 6 to 11! IF?

*For predicted terms in the spectra of the Pb x isoelectronic sequence, see Vol. m, Introduction.
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(11 sequence; 81 "Wes) Z-82

Oround state 1.' 2.0 293039 Sd& 4. 49 4P 4P W W s5 60 6p IPr

Op T'M 13134 K I. P. 15.028 volts

The analysis a from Earls and Sawyer, who have revised and extended the earlier work by
Fr. Gieselerandothers. "The spectrum was photographed from 800 A to 10000 A." Fourteen
lines, observed also by Arvideson in the vacuum region, were utilized in the analysis and in the
determination of the limit. There are approximately 250 classified lines in the interval 840.25 A
to 98•4.2 A.

The limits of the IF* and '0 series have been used to derive the ionization limit, which has
an estimated error of 2 or 3 K. The PS and 3D series show irregularities due to perturbations
caused by "interminging levels from the 68 69p configuration."

Green and Loring have observed the Zeeman affect of Pb u and published 15 g-values
based on the analysis by Fr. Gieseler. Earls and Sawyer have used these Zeeman observations
to derive g-values for 10 "even" levels, by assuming the appropriate unperturbed theoretical
g-values for the respective "odd" levels and applying the formulas of Shenstone and Blair for
unresolved patterns. The writer has derived the observed t-values tabulated for both "even"
and "odd" levels from the same observations and formulas, without assuming theoretical
g-values, but by adopting the revisions in analysis suggested by Earls and Sawyer.

REFERENCES

J. B. Green and R. A. Loring, Phys. Rev. 43, 459 (1933). (Z E)
J. L. Rose, Phys. Rev. 47, 122 (1935). (his)
I.- T. Earls and R. A. Sawyer, Phys. Rev. 47, 115 (1935). (I P) (') (C L) (Z E)
K. Murakawa, J. Phys. Soc. Japan 8, 382 (1953). (18) (bb)

Pb n Pb ii

Confsg Desg. J Level Interval Obs. g Config. Deig. J Level Interval Obs.g
0P o f 2F- 3 o88 -1058

6,,('8)6p p ?" 14081 14081 1.33 23 105881 3 83

as 6pa 6WP 0% 57911 6s'QS)8d 8d 2D 14 103394 796 0.76?
13 66124 8213 1.64 2% 104190 1.21
234 73905 7781 1. 52

60(1S)7a 7s 3S 03 59448 2.01 6 ) Sg W 3 3443 103596.• C6a 6pa' S8 034 104297
6008)6d 6d 2D 23 68 74 76 1.29

13 69740 0.81 60(1S)gp 9p 2Pe 03 104485 5 98

6u'1S)7p 7p pO 0 74459 2813 M 1 0
13 77M7 1.33 6OP(S)O10 10. 8 so 034 107930

6WWID 13 83083 "8 m(8)f 7 F 33 108559
6.6,)' 5 9 ) 2342 889 72 "• 8 9d9 234 10850 8 79

0 W10 ,P 03 898248 6.OPS) 6glo s 3 34,43 108968
13 10" 142

'8 016I.'S)9d 9d $D 134 109257 7
6010M)88 S 28. O 89180 234 109336

S0" if 'rO 334 95514 -1 1. 11 6PQS) l~p lop ape 034 10950 35
2% 9 15 0.84 134 10985 351

234 )Td M ID 1% 9 3084 1020 .o18 6'(IS)11s 11. 8 034 111574

6g0 18 8 p. o 0 6077. 11S)8f 8f Wr 3% 111940 -6
1% 5 1161 23 111946

60')eO 9.s 06 03 101346 1.96 6iP(,S)7g 7g 'G 33,4% 112230

0 0 0 0 0 0 0 0
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]Pb a--Cumbmi Pb u--C4Rda..d

001- Deft J oa Iaw i Iterval 0kg. g C,4&g Daig. j LrAVI Interval Obs.

6410('mlad 18d AD 134 11240" 6.(')1 io~w 1212 334 1175W -
23 12467 23 117580

6410(t8)1p lip 'po 0~ 1155785 2 6u'Q8)iig 11# '0 3K 4.4 117600
64(8)2 1.8 3 181 68B8P)i4d lid OD 19 1176W0 16

6.'(ts)i1 91 OP. 33 1141k -6 (00)13f 13f Ir 334 118191 -1

64(1)g ig' 204.5 114346 2%0)~ 2q' 3.3 118183

1"MS t G 3,4 114446 10" 2 2 0 3%4% 118223

6.'C8s)ild lid ID 1~ 114407 41 GOMM)5 IUd ID 234 1182235 1

6u'(is)12P 12P SP. 0 114585 150 6&01(8) 14f 14f 'P. 334 118585
11 114785 2%4

601(18)138 13.8 034O 115496 641QS)13g 13# '0 3%,4.43 11867

60(1(8)10f lQf 'P. 234 11565? 6.'(tS)16d A6d ID 134 118M6
2)4 ISW -4234 118679 1

6@`('8)9g 9# '0 3%,434 115797 60(18')14g 141 20 3%4, 434 118996

6@0(8) 12d 12d ID 134 11588560'Sld 1dID I% 19
234 115912 2eQ)7 1dI 34 119022

601Q8)13P 13p 'P. 03 11596? 105 601Q8)15g 15g AG 3K 4,4 119286

6041(')lgd Ifd ID 134
6.1(1)14 14a .e88 03 116615 234 119315

6.2(18)111 11f WP 33 1'167185 - 60P(')led 12 ID 134
23 116780 -223 119548

600Q8)l09 lOg IG 3%,4%43 116833 ------------- --------

600Q8)13d 13d 2D 13 116899 1P u'S) Lmt ----- 111

25 11668 1P uS) Lii-----zu
60(1(8)1 4p U~p 'P. 3 116958

January 1955.

Pb n Oasusvm Twea*

1ip 24122 r341 3;3d" Observed Temsn

5.'"O Sp' Sd"

68 6p{ 6p"8a 6p$"P W3

- (%2:7) up (eiŽ:) I ad (it 6) "f ("M of u(Rk5)

601(18)me 7tol14a 28 7 o Up OPO 6to19d ID 5 to14f IF* 54015060

*For predictted terms in the spectra of the TI x isooehtronle sequence, see VoL mi, Introduction.
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Ofg i sequence; 80 elecrons) ZamS2

GOmnd staste Is0 2.3 210 3.3S W Un4. 4i' 4P 4j"5. W W 5P 6.''8

6.3 %S 2575255K 1. P. 31.98 volts

The configuration-interaction in the Pb mi spectrum has been studied in great detail by
Hlume, Crawford, Moday, and Crooker. Wave functions of 62 levels have been determined
in terms of the (IS) functions, and the configUurtOn-petUrbation parameters evaluated by
fitting the calculated to the obeerved level values. Hume and Crawford give moat of the
details in their 1951 paper. The data in the table are, however, from an unpublished manu-
scrpt furnished by Crawford for inclusion here. The observed g-values are from Green and
L'oring.

The earlier papers by Stanley Smith, Crooker, and Rao snd Narsyan contain over 100
classiWfieines in the interval 995.75 A to 5857.96 A. Abcut 400 lines are reported "s classified,
however.

The limit has been calculated from the 6# rA sequence. The authors comment that the
fine structure of the H-terms has not been resolved, but lines of G-HO multiplets are diffuse,
indicating small intervsls for the H-terms.

Both byperfine structure and isotope shift affect the values of the observed energy levels.
When an isotope shift is given for a level in the 1951 paper, the adopted value is the mean
of the value for Pbm and Pbm

In the table the levels are listed in order of increasing values. No attempt has been
made to group them into their respective terms, because in many cases more than one designa-
tion is involved for a given level. On account of perturbations, LS-coupling notation does
not apply throughout. For a number of levels the dominant contributor as given by Hume
and Crawford is entered in the "Desig." column. The writer has made tentative designation
assignments for 6p" 'F8,5j'f 1,6p" M*,'D 78 1104,6,7,8,9A I.311, and 78'"-P*. Theauthors
give configurations for these levels, but have not calculated the wave functions.

REFERENCES

Stanley Smnith, Proc. Nat. Aoad. 8.&.14,8W78(1928). (C L)
Stanley Smith, Phy.. Rev. ^6,I (1I8). (T) (C L)
A. S. Rao and A. L Nanyan, ZLet Phya. ^ OW7(1930). (1M (C L)
L. W. Gresm =Ad R. A. Loring Pbyt. Rev. 43, 450 (1983). (Z E) (C L)
A. M.Crookur,Cana aJ. Reeroh A 14, 118 (1936. (I1?) (T~) (C L) (his) (1IS)
J. N. P. Hume and Mf. F. Crawford, Phys. Rev. 64, 486 (1951) and unpublshed materal (1951). (1 P) M1

(his) (1 8)
H. E. Waloil A Tell of Nudewe Mom..i Datch Oak Rldgs Nat. LabA., ORNL-1469, 62 (1958).

(SuWmmary hIs)

Pb M Pbum

Audo Config. Desig. JrI Loya Oh.. V Authors CoDns. Desig. jIA Loa bs.

I* 5dA AI 6411 to 0 0 31 5d* 6.(vS)78 7& 3S 1 150068.7 L108

is M- a('s)OP Op 'P- 5059? 411 SPd'6.S)6d 6d AD 2 151884.5 LOS6

21 SdW 8"G(S)p 6P Air 1 64891 5, fid' 6sQS)7* 7# IS 0 183783.4

33 &P' 6("S)p Op WP 2 78954.5 ft 50 6jI(ID)6p OpI 11- 2 154494.0

41 U- S8eS)OP OP '1- 1 "840. 6 5, d-O Wp W 'P 1 155431a

20 Bow6p 60 TP 0 14281 7g, U "d'6(Sd Sd AD 1 157444.1 0.50
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ft M-Cem ed Pb nuz-CbmUdun

Auta CVM&g Deg. r Level Obs.g# Autho,. Cookg. Dexdg. r I~aul Obs.u

8, & Id"9(s)Gd 8d ID 2 IB79250 1.15 20a Sd068(18)59 5# AG 3 217635.83 O 08

9. 50d" )6(' d 6d ID 3 15895&48 L.33 218 . d6j(20)59 at 80 5 217658.1

103 5d- 6J0 Ops SP 2 164817. 9 1.40 22t 5d- 6I('S)Sg 6# I0 4 217660.6 L.06

75 5d* 6s('S)7p 7p 'P* 0 170917.5 23 5d S.(28)94 9. IS 1 219344

8f SUs Sa(l)7p 7p 111 1 171081.4 L.33 24a U Sd68(*S)98 9. IS 0 219910

91 50'6.S($D)Op 6p" IF* 4 17558 251 5d" 6&(I)8d 8d ID 1 221205

105 5df 60(2D)6p 6p" 8'P 2 17598.53 0.97 26, 5ds 6a('S)8d 8d ID 2 221307

111 5 Sd6.(2D)6p 6p" IF' 1 174900.9 1.14 27s WO" 6.('S)8d 8d &D 3 221600

121 U Sd68(18)7p 7p IP* 2 1760*4 9 L.34 28, 5d- 6a(*S)gd 8d ID 2 221938

131 UP" 6s('S)7p 7P 'PO 1 177181. 4 1. 15 33f 5dw 6pesPI07s 7s' 'Pý 1 114740 0

145 Sd' 6O'eD)6p 6p" 'D* 2 177906. 5 1. 08 341 5d" 6p('JPW~7s 7. IP 0 516518

III 5d- Op' 6px 'D 2 178432 351 MW" 6p('PI4 )fld 1 557584

154 Sd' 6as(ID)6p 6p" IF* 3 178957.0 361 UN" 6p(sP$4)6d 2 117807

161 SW 6&'('D)6p 6p" 'P* 1 184*68. 1 a. 90 371 Sd" 6p('PIN)6d 3 118039

12. 5d- 6p$ 6ps '8 0 188615 296 5d" 6a(I8)6g 6g 'G 4 229845

171 w d62 (26) V 5f SI F' 3 189785.5 1.09 30 5dw 6s(2S)6g 6g '0 3 229846

181 5d- 6s(28)5f 5f TFO 2 19057.6 0. 67 31a 5d- 6s(IS)6g 6g xG 5 229870L.5

191 Sd" 6.(IS)6f 5f I'r 4 190459. 0 1. 25 324 Sd"s 6.('8)6g 6g '0 4 229870

205 5d- 6#('S)5f 5f 'PO 3 190901.0 L 100 35' 5d- 6s(28)6h 6h 'AHO 23"i5

215 5dl 60('D)6p 6p" sp* 0 195880 33t Sds 68.(1S)1 10 .lo 8 1 230954

223 &dV 6.(2D)Op 6p" $D* 3 196846. 7 1. 03 34. 5d- 68(SS) 108 10. 18 0 231244

231 SUP 6.('D)6p 6p"l ID* 1 197318. 6 351 5dw 6.(IS)9d 9d ID 1 232019

131 5dw 6s(2S)8a 8o Is 1 197892.8 2.00 36, 5ds 6s(IS)9d 9d ID 2 232007

245 Sd' 6.'('D)6p 6p" $DO 2 199543.9 37B Sd"* 6#(2S)9d 9d ID 3 232274

14s UN 6.(28)88 So IS 0 19940. 6 38s Sd" 6s('S)9d 9d ID 2 232442

16, Sd" 6.('S)7d 7d &D 1 20139&. 7 a. 50 395 5d" 6p(2PS,4 )6d 2 555850

16, 5d- 6#(18)7d 7d 2D 2 201597. 3 1L 16 39t 5d- 6.('S)7g 7g '0 4 237212

17a 5d" 6.('8)7d 7M SD 3 20204&. 8 1. 33 40a UP" 6s('8)7g 7g SG 3 237219

18, 5d- 6s(28)7d 7M ID 2 203301. 6 0. 98 424 SP" 6#("8)7g 7g '0 4 237239

253 Ed" 6*('8)8p 8p $1- 0 506809 41s UN" 6..('S)7r 7g '0 5 237240

26f &M" 6(8M)8p 8p $1- 1 106979 400 5d" 6s(I8)7h 7h ".H* 157389

271 Sd"9 6(8)8p Sp IF- 2 "Msu 4334 50 6"('S~gg 8g "0A 242005

281 Sd" 68(28)8p Sp 'P* 1 509518 444,e Sd" 6.(2S)8g 8g "-G 242023
410 Sd" 6s(28)8A 8k "H'11 242130

291 &Pq66s)O O SF 221434421 Sd" 6p('Pt,%)7# 7s' 'P* 1 545551l
301 Sd" 6#('8)6f 6f IFO 3 514477 430 Sd" 6*(BS)9h g 9 I "H' 545378

311 d"I 60(28)6f 6f 'F' 4 214488 441 Sd" 6p(sPIM4) 7 # 7s' $P' 2 f48144

325 U Sd6#(IS)Gf 6f 'F- 3 5148489-----------------------

19, IS&P 6#(RS)Sg 5q '0 4 217633.4 1.01 Pb zv('Ss%) Limit -- 257592 ±5:

November 1954.
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fb m Os•rmd Tems*

W Obserd Tums >

S4e(•)W ? tW 18 WJ W pAD o91
{6~l"w Op's. , OP' Pas (u>O) UP(m>s) ad (aO)

7 tolo08 is 6 to e to OD

PbIV-
(AuI 60 sequne 79; elcDos WI 8 -F

&tIII S-mT wk to w toe MW

by ~ ~ ~ 5 F-oefl 5n to3 to inld to l06e lie ewen490 ad49.1 .Itr

*F r pdw nofod tM Rgy ia h rodoater sequeme as a n .extrendedteanaym adpbihd14c

Gnd Otthe 18l Wre rid SO 3olumn

Fur.ther wsentudy of thpcrumin naebeded. Thed earl wothpprk for thissetrumo was extene

6e438~ms A.Tetrs6,7 p",6pspad6,dz n 6 icelneu level ar cmon

byth papes , bupfle iisto i 9 aevel ltroines betee 4590o and 449.2 A.sitotes
Crawford plyn &W Ccks orm a nd e the ay an spuleOderiveclassifited

fines5 wic he inevesal 432.880Aton potenti7 A f4, ot. The daai h aleinrmthi q loter papoerw

anotined tembs use bysu theostqne authos to d igae mirocton.v".
(AuThe wpelenhs evidenhe of zcoused in th lers fr the suc7et )ZrD)i2 4 on

fbothoner. utu notifte lspetris 1 eelded. nth eiarlyed wor text frhis aspcu wastende

By Scpopleying 193 toinckfomlud 98 clanoSisedrines beweno 4590 Ao and 4496.21 A.rve Lthermi

iaoeleetrod spectra, Trees and the writer have made the additional a -noupling configuration
assignments given in the table for this group; they le extremely tentative. S ahoepfle suggests
that the levels labeled in the table 16t and 22e , may be 7m e po, and that 24r may be 5fi o.
The observed -vlues anr consistent with this 7p TpO assignment, but the overlapping of
configurations makes a definitive choice difficult.

fiuaio.Te.oa.o o ti ouln•i icusdi thetex fo A i. Theautor
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LE1Y. ItNCUs

L. B. 0mm und 3. A. Lab. Pbyin Rev. A4 1, 4i, M'1). (X2Z)
0. L seaftpb. FbI.. Rev. 41, 212 (1IOU). (I F) M (C L)
AL F. C#&wfead, A. 3& MdAY. and A. U- Cnaker, Pit.. Roy. So.. London [Al 15k No.6804,4W5(1937). (1 P)

(T (C L) (1 B) (116)
A. L Shawlew, J. N. P. Ban% mand MF. Crawiovd, Play. Rev. 19, 1877(L) (1949). (his)

A-bLAu- Oh..
tbn cmt ~ . J ITV *wa thmr Coflfig. Daig. J Level interval

5dMCs)6s Go Is 034 0 17' Sd?% G*M S1h 034 810869.7

5pde8)6p 6P sp 034 76159 21061 18' 54M G&W 6PO6 234 113519.*
134 97519

1 50e' W"D 234 101252 -213166w6VM1% 2481
2 1%4 122568 236200 3%4 14891.8

P 64t Gu.44 6N4 234 166369 21' Sei46ms46ft6Ij 24 017516

r t 334 175667 220" 1%4 17851.9 1.29

30 t 234 173548 23' 234 819461.0

4o 134 175388 24' 334 11716. 1

5d'0Q)6d 6d 2D 134 ISOM5 8 22A0 a 78 250 034 531013
234 18681M 8 L 17

5d-US)7s 7. ' 03% 18510&. 0 L 282' 234 135638

5* 544M 6e.4 GpA 134 188759 201 56

70 t 234 193776 5d"Vs)8A 6. Is 0%4 249634 a

541 if3 95 d('$)7 7d 2D 134 250401. 6 1017.9

90 o 1%4 193954 Sd'9(8)59 5g '0 434 270496 -

10' t 03 194147 3 748 -

110 o 234 197054 Asd")GA GA 31H0 434, 534595543

12' 5dus 6s4 Gpw9 134 000 Wd(18)7h 7h 'H' 434,534 510

Ir f % 016050( 10 8)84 IA 211' 434, 534 13989

14' 54 4M6%M 6pt14  3%4 5. --------------------

IV 5tm aw pam1% OOM. IPb vQS,) Limit--------341369

16' 544' 6ae4 6pw,? 034 50978.4 0.68

September 196C
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(t zI.quam"; 78 ledrom) Z-n

Grould state 1.'W 2.' 29 3VO3 4P 4.' 419 P 41" 50 W9 5Pj %e

8 .6 SU @ K I. P.688 volts

The analysis is from Schospie, who has extended the early work of Mack and the subs.-
quent investigation by Mack and Fromer. The levels have been based on the observations
by Arvideaon, who sparated the lines belonging to the spectra of different stages of ionization.
About 200 lines have been classified in the interval 284.329 A to 1401.56 A.

The spectra of the Pt i isodectronic sequence are of special theoretical interest because
they approach Diooupling rather than LS- or JL-coupling. This appears more conspicuously
in the spectra of higher ionization, especially among the levels from the 5dW(9l))p configuration.
A detailed study of "The Four Vector Problem and Its Application to Energies and Intensities
in Platinum-like Spectra" has been made by Goble. In LS-coupling this configuration gives
rise to the terms 1'(P°DrF*). In b-ooupling the same number of energy levels and the same
resultant J-values occur, but each level is defined by two j-values, one for the d-electron (1I
or 2%), and one for the p-electron, (0% or 10).

In the table the writer has assigned LS-designations only in the case of the '1D terms
from the 5d*(2D)m confgured=, although tWi :-coupling applies here, also. "Odd" levels
are in italics throughout. The j-values for the d- and p-electrons as required for .j-coupling,
are indicated in the configuration column, the former being the same as the J-values of the
limit term 'D. A table giving the transormation from .j- to LS-coupling may be found in
the book by Condon and Shortley, p. 294.

Schoepfle uses as the ionization limit the value 562600 derived from a Ritz formula, from 0
which he apparently derived the absolute value of the level 5tP(9I)•)6p1 x J=3. The cor-
responding ionization potential is 69.7 volts. Mack and Fromer quote an ionization potential
derived from a Moseley diagram for the sequence. This estimate is based on a two-member
series, &P(1Dvl)=(*=6,7), J.-3, represented by a Rydberg formula to which the same Rita
correction is applied as for the spectrum of the same stage of ionization in the Au i sequence.
Their limit is quoted her.

REFERENCES

0. Arvidson, Ann. der Phys. (a) , 787 (1032).
A. T. Goble, Phys. Rev. 46, 346 (1935).
J. E. Maek sad M. From,, Phys. Rev. 46, 37 (15). (I P) (T) (C L)
0. K. Schoopf5e, Phye. Rev. f65W (1986). (1 P) (T) (C L)
E. U. Condon and G. H. aortley, 1U Thm- of Monm Bpeeft, p. 294 (Cambrkde Univrity Pr.e, Lndonm,

1961).
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C~omg. IM II.hIUIUIIlIIntervalII.GUIIJI.G7,I Dug. LJvd I Lei Zntuva

&P P t 0 0 a 32666

eDel10% 6o SD 3 110768 4 327433
2 114705 -332823

WD*Odo ~ 1 132711 -lw3 388

&W(Mvoft6 6s AD 2 135667 3 335672

2 14196 3 32663

5P(SDug)6p 4  2 104M8 2 331487

W *6w3 197151 2 881749

3 1994 2 332356

3 510514 2 332501

2 511457 1 335013

3 51557 5#('Dy?07 7, ID 3 336440T
2 339284

2 815151
2 341565

2 515804
2 am"0

5#(&Dw)6psi 2 517009 3 sU8m
3 518045

2 m5995
8dS(*DuiJ6pws 1 519459WtuOs 7 D W9

5c(DO 64 551099 5dI(IDuO)7& 7s ID 1 36049

5M*Wu 2 #S d(ID)7p? 2 597410
5weDsgO~puj4  3 55611 5d'eD)7p? 3 457056

2 55749
WD0pi1 73 d@eD)7p? 2 4578600

2 450173
2 M05d'('DiJ8. go ID 3 452624

2 55585 2 452967 -34

fi(DojM0 557690 3 473642

1 589418 5d(Doj8s go SID 1 476582

50(5DW)6pijm 3 544891 5'(SDj%8s 8e ID 2 476894

5ge(DIQ6pIim 1 045577 5d'(*D,.4 9a gs ID a 5465M
2

5dP(eDuj)6pimg 2 54765 535S? 44
2 158559

Pb vt($Ds) Limit ---- 55566

3 8a5d'(%D)gp? 3 571567

3 125#l($D)gp? 2 575919

2 299708 W(ID)Sp? 3 57756M

3 317397 P(Dg?2 046

2 32216

August 1954.
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BISMUTH

al

83 electrons Z=83

Ground state 1#2 20' 29 3.'3P 9W* 40 49P 4w V4P 50.' 59w' 6.' 90 48-j

610?, 48% 19* K L. P. 7.2W7 volts

Although the Bi i spectrum has been studied by a number of investigators, yet no com-
plete homogeneous set of observations exists. The spectrum needs to be reobserved and
accurately measured over the entire photographic range.

Series were recognized by Thorsen in 1926. They were extended by Clearman in 1952
from observations in the short,-wave region; his revised values of the limits are quoted here.
Mirozowski has studied the hyperfine structure in detail and also extended the analysis.0

The present list of energy levels is based mostly upon the terms given by Mrozowski and
Clearman with revisions by the writer. She has prepared a line list from unpublished measure-
ments by Meggers and Murphy, by Humphreys and Paul (infrared), and from Clearrnan's
paper. She has recalculated the level values from these wavelengths and made additional
tentative assignments of configurations for many miscellaneous levels. A number of published
levels are omitted here, pending further confirmation. Some new levels have been added on
evidence furnished by the series assignments. In general, however, further confirmation of
many J-values, configurations, and levels is needed.

There we approximately 180 classified lines between 1382.84 A and 22551.8 A.
Most of the levels are listed in increasing numerical order in the table, because of the

departure from 12-coupling. Some LS-deeignations are, however, indicated on the evidence
afforded by the observed g-values.
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C. J. Humphreys and E. Paul, Jr., U. 8. Naval Ord. Lab., NAVORD Report 4589,25 (1986). (C L)
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4-' OpS 134 000 %I('P,)so so OPT 034 61133?

Op' ~1 L~ 4M 41. 20 p'('Po)6d 014 616120

sp 1"04 1150&.8 OL 67 p'O('Paot 134 62744
'(SP.)7a 78 'P 034 32588 17 lo0s6 6OPPI('P) 034? 62810.9of

6p3BP,7 034? 41185.18 6p$('Pa8p 134? 65500.6
6p(IPG)7p 134 494 06 6p(1'PJ)8P OW4 65755.81

WNW.~6 6d ID 134 4301167 0. 79 6pa(p,)8. so TP 234 63988
6pIO(P.)6d 6d ID 234 4481186 1.20 6pl(sPs)8a so 'PT 154 6402
6p0'(P,)7* 7s 'P 134 44865.06 1. 676 6p8(lP,)7d? 234 64122
6p(BP.)7@ 7. 'PT 034 45915.57 1.30 6p'(,Ps1)7d 034 64238

6p(DPO)e8 an 'P 034 47373.23 6p(IP1 )7d 134 64275
6,WP07. 7. 'P 254 4848168 1.41 6,('P0)74 234 64575?
6p(sPm)7* 7. *Pt 134 49416.6 0.08 6p'(,P,)go 9 TP 134 6648

Op(DP.)sp 034 4999. 48? 6p'8PP)ge 9. OPT 034 65612
6p(8Po)7d 7d 2D 134 51019.11 6p3(APj)9p 034? 66564.9f
6p''Ps)7 Ud 3D 234 51158&65 6pl(*Pn)Op 034? a699 it
6p(SPOO)9 9. TP 034 52255.36 6p'QDs)78 1%4? 67117
WO'(P,)9P 034? 55471. T p'o(*P,)d 034 67216?0

6p(SP.)8d 8d ID 234 53876 6ps(ap,)Sd? 134? 67329
6p'(P1 7p 034 535891.74 6p$(jP 1)10.? 106 4P? 114 67832

6p'(Po)Sd 8d ID 134 5397& 84 6pt('P&)7d 034? 68049?
6ps(vp.4 10. 108 4P 03 54559. 7 6100DOS7 234? 6806
6P'($P,)7p 1%4 54570L 55 6pT(P,) l0p 034? 68565. 5?
Opl($P.)gd 9d ID 134 &%2C 3 6pl(IP,)Od 034 68764
6j0(&Pq)9d 9d 2D 234 5547M.0 6p(PIP)9. 98 'P 234 68967?
6p'(spe)11. 11. TP 034 558212 6p(POP)9e 98 'P 134 69120?
6p*(sP,)7p 134? 5g0853 6pt(%Pt)8d 034? 70931?
610('PO)7p 034? 56575.4 6p'(s'P) 10. 10. 'P 1%4 71499?
6p2(&P,)l0d 10d 2D 134 56329 ------------ -- -----
6p2(&P,)6d 134 5870. 50 Bf n(IP,) Limit---------72112

flps(&P.)12* 12. OP 034 50591?-----------------------

610(spa)6d 234 57076 6p('P,)9d 034? 72463?
6p(SP,)6d 034 57607.0 6p3(8Pa)10d 034? 73376?
610(vPO6d 134 57767.8 ------- -------- -----
6p'(8P)6d 234 58273. 64 Bi at(AP,) L..imit-------75815

6p8(&P,)6d 334 58377.6 ------------- -- -----
Di nePe) Limit--------58T9o Bi zz('D,) Limit 92720
610($P1 )Ss Be 'P 134 60817

October 1956.
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(Pb i sequence; 82 electrons) Z-83

Groud statle10 2 '2A 39 31'. 40 4e 4d AP' 50 5 d 5&I 6.' 690 ap.

6p0 TPo 1366 K I. P. 16.68 volts

The energy levels sad limit are from Crawford and MclAy, the authors who signed
the arbitrary numbers listed in the first column of the table. In 1947, Murskwa sand Suwa
revised and extended the ji-coupling assignment& of these authors and also suggested LS-
designations for nearly all of the levels. Their results are quoted in the second and third
columns of the table.

The level at 112645 K is from this paper, and thelevels labeled 25. and 21. are found only
in the earlier one. The level at 117004 K is listed a both "even" (6pw6fsisFI) (1947) and
"odd" (61%,j 59) (1934). On the basis of the combinations in the 1934 paper, the latter con-
figuration has been adopted in the table. This level has been "assumed hydrogenic" for the
calcul.%tion of the limit.

There are approximately 190 lines in the interval 937.95 A to 8863 A, including some
"forbidden" transitions. The hyperfine structure exhibited by a number of the lines is dis-
cussed in detail by Fisher and Goudamit and others. The over-all separation is wide for a
number of the energy levels.

REFERENCES

R. A. Fisher and S. Goudemlt, Phys. Rev. 17, 1057 (1931). (1dm)
M. F. Crawford and A. B. McLay, Proc. Roy. Soc. (A) 1", 640 (1934). (I P) (T) (C L) (his)
K. Murakwa and S. Suwa, Reports Inst. 8d. Tech. Tokyo Univ. 1, 121 (1947). (I P) (T) (his)
J. &. Maek, Rev. Mod. Phys. 23, 64 (1950). (Summary his)
C. D. Cole and S. Mrosowski, Bull. Am. Phys. Soc. 3, 29 (1953). (C L)

Din Bin

Authors Conlg. Dal& I J Level Inter- Authm,, Config. Deuig. J Level Inter-
Vild val

. 6 6E S'P 0 0 13324 101 6pi, 7s APe 1 89888
2. W 6Pg6 1 13324 324

32 6Po 6Prs4 2 17030 lit 6. 'DO 1 94440

42 Gpuan GPGp 1pJ) 2 33936 121 66 bp- 'DO 2 94918

51 61, GPI 6P3'is 0 44173 131 6a GP $DO 3 96057

11 6Pwo 7# SPo 0 691,5 141 6pm 4 6d spa 2 99011

31 6pa 7# ape I o698 151 6pat 6d SPO 1 100492

41 66P3 69p8' 2 76147 16t 6Pw go ape 1 101341

El 6pa, 6dO 'DO 2 79089 17. 6pIU W a&1 0 101464

6f 6paj 6d•H DO 1 80575 18i 6poi 6d 'DO 2 109350

71 6146ds4 IF* 2 M4?7 191 p.i4 6d $DO 3 108003

as 6P, WdIN 'F" 3 81155 10, 0P.,o 5fam IF 2 105083

61 6
p' 

7p.H 'D 1 84281 11% 6pO, 7pwf 'p 2 105269

7. 6pe4 7po4 'p 0 87078 12, 611051 VG 3 105287

8 6p4 7p,14 JP I 8816G 13, 6PI 5f 'F 3 105449

91 6pP 7a SPC 2 88769 201 6p. 7d UD 2 105526

9, Sna 7p,!6 31) 2 I 88789 14, 6p, 5fVx 'F 4 105726

0 0 0 0 0 * 0
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DI ]n-Cnuted BI ii-C ftinuved

AnUtm Crook. D.i. J Level later_ Author. Conk. Dedg. J Lard h War_

15 6pj 8pOW SD 1 106447 19, 6psN 7pj ID 2 109904

211 6p;1 7d $DO 1 106611 6 psm 7pz, IS 0 112645

21, 6114" al 'p 0 107976 23, 6P, 6Y I0 3 115933

221 6p 7da4I F* 3 108609 24, 6p.4 6f* IF 4 115990

231 6P u6d ape 1 1081N 258 6pw4 6f IF 3 116089

168 6pm 7 pua ID 3 108278 26s 6p. 6fni IF 2 116212

17, 6PW 8P. I'P 1 108404 250 6pem 5*a 3 117004

221 6SPI 8. P ID 2 10 886 ----------------.---. ------.................

18, 6pu 7p13 '8 1 109104 BE m(TiPS,) Limit ----- 134600

241 6pen 7d 'F* 2 109157

January 1955.

(Ti I sequence; 81 electrons) Z=83

Ground state I' 2.' 2p6 3s' 3p' 3d" 40 4p$ 4d& 4f' 50 59p 5&d 6.' 6p 'Po

6p 'Po3 4 zuISa K I. P. 25.56 volts

The analysis is from Crawford and McLay, who have revised and extended their earlier
work and that of Lang. There are 106 classified lines between 590.73 A and 8934 A.
Arvidwson's measurements have been used in the short-wave region, 590 A to 1486 A, to

supplement those of the authors.
The limit is based on the assumption that the term 7A 'H" is hydrogenic.
By analogy with Pb it, the writer has tentatively assigned LS-designations to the terms

of the 68 6p$ configuration. The authors adopt the following numerical labels and icoupling
nomenclature for these levels:

Desig. Conuf. Doug. Config.

4M 6s 6p%4 6p%4 614 6s 6 p34 6 pa4

1034 68 OpM 6pI4 323 6s 6p.146
p,3

2s3 6sa6pfl 6PH 4 714 6s 6 p,.4 6pam

5M ( 66p,4 OP,,4 8• 1 6 s 6P3% 6 p334

Fisher and Goudsmit report wide hyperfine structure intervals for these levels.

REFERENCES

R. A. Fksher and S. Goudamit, Phy7 . Rev. 37, 1057 (1931). (hfs)
G. Arvidnon, Ann. der Phys. 12, 802 (1932).
M. F. Crawford and A. B. MoLay, Proc. Roy. goc. [A] 143. 540 (1934). (I P) (T) (C L) (his)
F. M. Kelly, R. Richmond, and M. F. Crawford, Phys. Rev. 80, 295 (L) (1950). (his)
H. E. Walebli, A TM of Nucler Momel Dtas, Oak Ridge Nit. Lab., ORNL-1469, 63 (1953). (Summary hs)

0 S 0 S 0 S S 0 0 *
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Ant*m Coals. Duig. J Level ldtrv*l Authom Conig Deft. j Level lstwval

110A P ape 0 ' DM zorasP 8PQ8 S PO 0%4 154198 222
134 WNM 134 18401

4m W 6p P 034 7025•4124 6008)M 6f ap 34 15189 -56
" * 8038 6196 234 188040

6(82(8)3S 5 ,G 4% 166234 -3
60(18)7@ 7. 28 034 95075 33 166237

6.30()6d 6d RD 13 96154 6292 6.1(18)g9 98 '8 03 167289
234 102446 60(S8)8d 8d RD 13 169292 365

S64 6p1 6p 2P 03 106052 22914 23 169657
7&N134 13096 6('S)6F 6g 2G 43 178467 -3

, 6p 6p 6pt RD 1i 108586 7828 33 178470
314 234 116414 60(1S)6h 6h RHO 43, 534 178719

6W('S)7p 7p Po 034 1199* 5135
134 155158 6W1(S8)7g 7g 2G 434 185850 -3

33 185853
SM 68 6pX 6p3s 08 O 130986? 6.,(,8)7k 78 'H° 434, 53 186054

60(0S)/ 5f IF' 334 187455 -100
2% 137565 6*3('8)8g 8g 2G 4% 190642 -2

33 190644
603(18)88 8s Is 0o 145227

6al('S)7d 7d RD I 149086 710
211 149796 Bi IV S,) Limit --------- "180

January 1955.

Bi iv

(Hg x sequence; 80 electrons) Z=83

Ground state 142 282 2p6 30 3p' 3d1m 4049 4pd1O 4f' 525p' 50,1T 62 'Se

6•2 'So 3"500 K I. P. 45.3 volts

The analysis is incomplete, and is complicated because the spectrum exhibits both hyperfine
structure and configuration-interaction. The early work by Arvidsson and by Stanley Smith
has been extended by McLay and Crawford to include 139 classified lines in the range from
420.7 A to 5347 A. The energy levels in the table are quoted from the paper by these last
two authors.

By analogy with Pb in the writer has added tentative LS-designations except for the terms
1 '3P°D°F° having the configuration 5d' 8•('D)6p, where the .j-coupling notation as given by
the authors, is tabulated. For further use of this notation the 1933 reference should be con-
sulted.

The limit has been "obtained by applying a Rydberg formula to 6. 6d 8, and 68 7d 17,".

REFERENCES

8. Smith, Nature I1n, 855 (1931). (T) (C L)
(. Arvidmon, Ann. der Phys. (51 12, 787 (1932). (T) (C L) (hfs)
A. B. MeLay and M. F. Crawford, Phys. Rev. 4, 986 (1933). (I P) (T) (C L) (his)
F. M. Kelly, R. Richmond, and M. F. Crwford, Phys. Rev. 80, 295 (L) (1950) (hfM

S 0 S0 0



Authors Cooke.- feel6. 7J Lloyd Authors Conig. Desig. J I Level1

is U Id6* 6e'89 0 0 121 54M 60 6101 4 DUM17

Ili 5P AA 6 P(BS ape' 0 70968 131 544 60. 6PusM 1 81#57 J6
21 Us('")6p 6P ape 1 75956 141 54" 6. Op,,m 2 *et8e
31 d* 6.(M)Gp 6P 'P* 2 96455 151 Sd0 Ga(*8)7p 7P 1, 1 U51915

41! 1 GId' A 6.e)6 spo 1 114605 163 50" G#(')7p 7p 'P 2 55565

2o SdP GPI Gj' SP 0 160552 171 UdP 6.' Cput? 3 55555

3o 11 Sd6#("6)6d 6d ID 2 184160 183 U 628d'6f B)S SI ? 8 5O5n6

41 P 8d'pO 60 IP 1 188014 193 Sd"6.('S)5f bf I*~ 2 585175

1% 5d' 6(IS)A4Gd 6dSD 1 197151 203 U 5d6s(')5j 5f I'P 4 55587

61 5d9 6#(18)7# 7. so 1 197446 211 Sd' 68(ss)5f 5f 'F'? 3 586511

7$ SdN 6s(8)6d Gd SD 2 197829 221 5d!,, 6.' 6pat 1 ""701

as 5d* 6s(')6d 6d ID 3 199769 131, u 5d6(8)8 so is 1 260674

90 Sdw 6.(')7s 78 is 0 201581 14, SdO 6#(28)7d 7d OD 1 267570

10, 5d- 6pX 6PI IP 2 202434 16, Sd' 6#(18)7d Ud 3D 2 267856

112 5dII6pI GpI ID 2 217823 16, 5dw G.('8)8a so is 0 268191

71 5001 W 6pojm 2 554595 17a SO' 6.(')7d 7d 8D 3 268690

So { M84584.60 18, 5d"s 6a('8)7d Ud ID 2 269758
go } d Sd6#(38)7p 7P 'P' 0,1 55468.58

45 1 Bi Y('8.* ) Lim itI-------- --365 50M

December 1954.

BD V

(Au i sequence; 79 electrons) Z=83

Ground state 1.' 2.' 2p438' 3p' 3d'O 482 4p9 4d" 4j" 50 5p' Sd" 68 S,

68 %S, 451700 K I. P. 58.0 volts

In 1932 Arvideson observed the spectrum in the extreme ultraviolet and classified three
pairs of doublets. Later, Schoepile extended the analysis with the aid of Arvideson's measure-
ments; his data are used in the table. There are 20 classified lines between 355.769 A and
1139.548 A.

Schoepfle states that the hyperfine separation of the ground term is 13 K. The combina-
tion of this term with 6p 'P.% gives rise to two lines having respective wave numbers 87754.1
and 87787.8. Similarly, its combination with 6V 'Pý% gives the two components 115873.9 and
115886.8. Schoepfle adopts an average value for each of the 'P0 levels, namely, 87760 and
115681. In order to list the energy levels from the ground state zero, the writer has adopted
the lower of the hyperfine-tructure levels instead of the average of the two, and adjusted the
values of other levels in the table based on combinations with 6p 'F*, accordingly. The small
correction (-8 or -7 K) is perhaps negligible when it is considered that the observed Bi v
lines lie in the far ultraviolet region. Arvideson estimates that the measured wavelengths
are probably accurate to about 0.03 A.

REFERENCES

G. Arvidasoon, Ann. der Phys. [5112, 787, (1932). (C L) (hife)
G. H. Sch-nfie, Pbys. Rev. 41, 232 (1935). (1 P) (T) (C L) (life)
F. M. Kelly, R. Richmond, and M. F. Crawford, Phys. Reav. W9 295 (L) (1950). (lit.)
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S.DeO Level Inte"ni

8d3('U.)6 0' 7o 0

18 11e10574

51 'D 13772 -30116

11% 228224
8d('8.)Gd 6d SD 1 229289

232540 3261

1d('80 7s 7.8 is0% 233340

5P(*47)P 7P SP 70" 1"

U-(dQ),7 7U SD 19 817307 1322
2 318629

Udt(IS84. as iS 04 320430

BI vzQ& Un.Jt ------- 4517W

September 1964.

Bi V1

(Pt i sequence; 78 electrons) Z=83

Ground state 1' 28' 2 p' 30 3p' 30 480 4p' 4d" 4f" 65. 5 Sd* 1%

5d" IS, 712000 K I. P. 88.3 volts

The analysis is from Schoepfle, who has extended the work of Mack and Fromer. Both
investigations are based on the observations of Arvidason, who reported the first regularities.
There are in all, 91 classified lines in the interval 214.318 A to 1394.46 A, rejecting one dubious
level above the ionization limit; and a level at 176585 which cannot be explained theoretically,
as pointed out by Mack.

The spectra of the Pt i isoelectronic sequence are of special theoretical interest because
they approach •j-coupling rather than LS- or J7-coupling. This appears more conspicuously
in the spectra of higher ionization, especially among the levels fi•m the 5d'O(D)6p configuration.
A detailed study of "The Four Vector Problem and Its Application to Energies and Intensities
in Platinum-like Spectra" has been made by Goble. In LS-coupling this configuration gives
rise to the terms 1 '(P*D0 F°). In fj-coupling the same number of energy levels and the same
resultant J-values occur, but each level is defined by two j-values, one for the d-electron (1 % or
23), and one for the p-electron (0 or 13).

In the table, the writer has assigned LS-designations only in the case of the 1 3D terms from
the 5d'(9))n8 configuration, although the fj-coupling applies here also. The j-values for the
d- and p-electrons as required for jj-coupling are indicated in the configuration column, the
former being the same as the J-values of the limit term 2D. A table giving the transforma-
tion from jU- to LS-coupling may be found in the book by Condon and Shortley, p. 294.

Schoepfle uses as the ionization limit the value 761800 derived by a Ritz formula from
which he apparently determined the absolute value of the 0d'(9D,•)6pn4 , J-=3, level. The
corresponding ionization potential is 94.4 volts.

Mack and Fromer quote an ionization potential derived from a Moseley diagram for the
sequence. This estimate is based on a two-member series, 5d'('D,,)ns (-=-6,7), J=3 repre-
sented by a Rydberg formula to which the same Ritz correction is applied as for the spectrum
of the same stage of ionization in the Au i sequence. Their limit is quoted here.

S 0 0 0 0 0 0 0



REFERENCES
0. Arivdsow, Ann. der Ph^u (Q5112 73 (19MS. M (C L) (hbi)0
A. T. Goble, Phys. Rev. 4, U46 (1I=).
J. E. Meek ad ML. Fiomer, Pbys. Rev. 4%3, 57 (19865). (1 P) M (C L) (his)
0. X. Seboepam, Ptb.a Rev. 5, mN (19M6). (I P) MT (C L)
E. U. COndo. and 0. H. Shoitlsy, noe noowp ef Amoud Spusc,% p. 294 (Cambridge University Pniss, Load..,

1951).
J. E. Mack, 1.tter (Jun. 1956).

Bli VDlivi

Conda. Duuft. J Level Interval Conig Deft. J Level mIne)va

iV U10 is 0 0 2 373679
5df(%D,.gJ6 Go ID 3 149495 2 401592

of ~ 2 153737 -22 15#(%Doj)6o 1 175017 -21280 50je(1WU)7 7a ID 3 42658789
5,'('DMO60 6# ID 2 178479 5d'(IDIW7s 1 4522483 -24797

2 087881 WDUJw7& 7s ID 2 452914
We'D.j6p,.j 2 544791 1 539"49
5dI(D.~6p~s 4  3 547165 5c'(ID)7p? 3 556751

2 550191 Sd'PD)7p? 3 565057
5d(3Doj6ps4  2 570608 2 580252

50'h)pd1 074158 5d'(2Dý08a 88.'D 3 606519 -3
5d~D~.)6p,~ 578662 606754

5dP(Dg,4 6pwg 2 580980 Wd(*D3 m)8# 8o ID 2 631304

5dI('Du,6puj 1 384086 2 844278

W(DWpH3 584058 Wd(3D.)9s 9s OD 3 711313
2

5d6'(D"04 6pIj 4  0 598865 1

5dV('Duo)6paM 1 805908 Bi vn(IDW4  Limit ---- 712300

5d'('Da,4)6pM 2 808618 Wd(ID)Sp? 3 744960

1 815554 5d('D)8p? a 749198

- 2 819559- ___-__- ____ ____

August 1956.

0 0 0 0 0 0 0.
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POLONIUM 0

84 electrons Z-84

Ground state 10' 2.' 2p 30' 3p 3d- 4.' 4p 4du 4j" 5#2 5p- S" 6,' ep' 'P,

Op' 8P, GINO K I. P. 8.43 volts

The analyais is from the paper by Charles, Hunt, Pish, and Timma, who have classified
some 50 out of approximately 150 lines observed between 1919.4 A and 9374.80 A. They
report that a study of the Zeeman effect is in progren. Their limit is from the n8 aaS series
(a-7, 8), corrected by extrapolating the differences of the effective quantum numbers for
TI x, Pb t, and Bi i.

Mrozowski has clusified 7 additional lines in the above list, and added the term 6p' 'So
and the 2 levels 58762 and 54471. He attributes 3 of these lines to forbidden transitions of the
multipole type, observed in emission, stating that they are "just the three strongest multipole
lines to be expected."

Most of the levels and designations listed below have been reported ina.'pendently by
Vernyi, Zaidel, and Shvebel'blit, whose paper has just become available.

REFERENCES

G. W. Charles, D. J. Hunt, G. Pish, and D. L. Tlnima, J. Opt. Som. Am. A4, 869 (1955). (I P) (T) (C L)
S. Mroxowski, J. Opt. Soc. Am. ", 663 (1950). (T) (C L)
E. A. Vernyt, A. N. Zaidel, and K. G. Shvebel'blit, Doklady Akad. Nauk. SSSR 104, 710 (1955); A. E. R. E.

(Harwell, England) iUb/Trams. 681 (1950). (T) (C L)

Pei Pol

Conflg. Desig. J Level Interval COD!%. Desig. J Level Interval

Op 6pA 3P 2 0 6p4(4S°)8# 88 '8*? 2 659*8
1 16831 -31
0 7514 917 6p10(80)8, 8.so S? 1 66,68

6P, 6V ID 2 21679 90 1 57077

W'Q6)7, 7&. 58 2 39081 6p3(,S*)8p? 10 1 or 2 59354

Wp(4S1)7s 7# 350 1 40805 110 2 59469

6P6 is C 42718 '(4IS)Sp? 12 1 or 2 59583
10 2 51710 130 I or 2 61818

20 3 5"099 6p'(IS)9p? 14 1 or 2 62704
30 1 5658* 6p'(4,S)9p? 15 1 or 2 62808

40 1 530*7 160 1 or 2 62884

1 5376* 170 I or 2 6*959

50 1 54*50 6PI('S) lOp? 18 I or 2 64451

1 54471 -------

60 2 55465 Pc u('8t) Limit .679"

Seembe 8195.

S • • 0 0 0 0 *
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RADON

86 electrons Z-86

Ground State 1l' 2#2 29p3a 39 3WA' 4.' 4904r 4f" 51 5p$50s 60 8' 69'E,

680'S. 615. K I. P. 10.746 volts

The analysis is by Raamussen, who has classified 172 lines in the interval 3316.14 A to
10161.45 A, in addition to the two resonance lines 1451.56 A and 1786.07 A. The series are
well determined from a Ritz formula.

Edldn has noted that both the run of the quantum defects and the observed combinations
indicate that the levels given by Rasmussen in the Pasehen notation as is$ and 1,, are, re-
spectively, 3d. and 3d,. This change has been made in the table, and Edlkn's predicted positions
of the lea and l, levels entered in brackets.

By analogy with Xe , the writer has introduced JL-coupling notation for Rn' in conformity
with the designations adopted in these volumes for other spectra of the inert-gas type.

Rasmussen gives the following LS-designations for the different types of series:

Psahen LS Psahen LS Paehen L/ Puehen LS

as oPa P& 'Do d; OF, X21),

84 'P, Pr $DA do IPa Y &DI

So &P, ps 'Do d, 'F, Z 3F,

ss 1P, ps 'P4  d; &D2 U ID,
pis 8S, d. sP, d, IDs V aF,

P0 iDo d' Po d3 IDs W 8F,

REFERENCES
E. taemussen, Zeit. Phys. 80, 726 (1933). (1 P) (T") (C L)
B. Edldn, Ark. Mat. Aatr. Fys. (Stockholm) 39A, No. 21, 4 (1943).

RnI RaI

Author Config. Desig. J Level Author Config. Desig. J Level

P. 6P' 6p"S 0 0.0 Usa WPIM6d 6d 11%1o 2 70M. 891
is. 6p'('Pl,)7s 7s [1341] 2 54690. 35
I, 1 55989. 08 3p,, 6p'('Pl.%)8p 8p 10%] 1 77039. 88

ls8 6p'(*1W7, 7so 10%10 0 [8597in] 3po It 8p [2%] 2 7716L 69182 1 187053] 3PS 3 d7604 53

3PI " 8p [1%1 1 77677. 83
2po Op'('PtM)7p 1 66244. 97 3po 2 77827. 82

2p, " 2 66707. 53 3p, " 8p [034] 0 7816. 272po 3 68039.48

2p" 7p [14] 1 68331 10 4d, 6p4('Pjj)7d 7d [03]° 0 77594. 8
2 p. 2 68789. 93 4d, 1 77816. 15

2ps " 7p [0%1 0 6974. 98 4d, " 7d [310 4 78088. 49
4d. 3 78280.67

3W 6pW('PtG)6d 6d [03]1 0 67906. 52 4d4 " 7d [11]0 2 78175.80
3d 1 68891.34 4,d 1

4 " [3 (3)o0 4 69798.0o 4d 7d [2U12% 2 78475.97
3d, 3 70440. 40 4US 3 78568.28



Autho Coank Deif. J LJewv Autbo. Comi J Dvg. J Iv,4 0
3,, p,(',g•,)9, O 11,[" 2 ?86M. 0 OX (,Pbe7?f 7f 1,%] 1 857& 07

1 7876T87 BY 2 513• 75
es7fr 14%] a

4X 6p'('1/4 3f 11%) 1 7%6 303 a 4 f[L U oil4Y 2 796 "4 93 eU" 7f [2)Q 3 sa w. 96
0, 5f (441 5 6U 71S247

414 796M03 6w 7f1(336 3 8362140
4

4U " 5f (2%1 79745L 40
4v 2 7970a 02 1.. 6,'('Pi•I. U Ie [•½]" 2 83105. 15
4w1 5f ([31 3 7978& 18 56. 1 8MM 45

4

7U W('PPi,) 1Od lOd (Ol 0 84075.08
4pON ptPx)9p 9p [0%) 801 s906 74 1 54111.-0

4p" 9p (21 2 81049. 29 7d' 0od [13r 4 85416. 51
4ps i3 81213. 54 7d: a 4177.8$

4p" Op [134 1 8128124 7d4 lOd [1]1 2 8410. s0
4ps 2 81351.52 7dI
4p. "p [0) 7d31,o.., ,, ,,1,,a 5418.50.
p "0 81510. 27 ° "r 10d [12%r 2 84510.00

5d. 3 81184. 15 6,2 811
5dn "d al [840,$6281,950

5d, 1 8 )0 81809.15 6pO p'ePfm)ip "lp [20) 2
81809.9 3 84099.3.5

d, 8, [34•1 4 .40 2 84131.0
3 815. 1 p p [1] 2 84103.0

5d. 5IPt)/ 6 1l 1 814. 40 71410

5ds Wd [II, 2 81490.50 pI 13) 0 88.0
5ds 1 81966. 30 O. 1i[jJ 0 8836

54 8d [2M]' 2 81619. 30 7X G'('IP.O8.f Of (R%] 1 84407. 70
1d 3 81695.16 7Yf 2 84410.41

5X Gp'(SPTM)6f 61 PHI6 1 82190,55 1 P 8f1(4)] a
5Y 2 82195.97 7 4 8441R.04

6f [4%] 5 I 68 Wp'(PtP)12. 12m 11%]° 2 84428.40
3z 4 82218. 92 68. 1

5U1 6f [2,14• 3 8224& 73
6V 2 822.51. 06 7ps 6p'OPT,) 12p 12p (2%1 2

7ps 3 84740. 35
5W Of [3N] 3 82270. 68 7 p" 12p (13] 1

47p 2 84767.3

44 61 81-175.8s 9718 8dt 6p(2PI,•) lid lid [3310 4 84785. 88
1d. " S,7 816 3 84795.58

5po 6p'('Pt4 ) lop lop [Oni] 1 82927. 18 Wd3 lid [1410 2 84791.f4

5p" lOp [21f1 2 82953. 90 8d" lid [2,S10 2 84816. 60
5ps 3 83064. 98 8d, 3 84833.91

5p "lOp [,1/] 1 83070. 34
5ps 2 83116.71 6p3('PlTi)9f 9f 141,4] 5

8Z 4 84954. 68
Sps lop [O21 0 8 8U 9f [241 3 84960. 71

2
6Gd. Gps(Prt)9d 9d [041° 0 8804Z. 53
6d, 1 83096 2R4 Od 6p'('PT%) 12d 12d [3341° 4 8504-. 47

6d, Od [336)0 4 8S172.08 9 d, 3 85210.91
6d4 3 83199. 40

6d 9Gd [1%10 2 83186.66 9z 14 85322 08
6ds 1 83449. 38

Gdj9d [241° 2 83540. ,4
6dI 3 83297. *2 Rn ,,('Ptj) Limit 86492.5
February 1955.
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RADIUM

88 electrons Z=88

Ground state 1.' 2W 2p$ 30 3p* 3d°0 402 4l 40 4f4 W 5p* 50d W 6.p 782 IS.

782 'So 42577.35 K I. P. 5.277 volts

The analysis is from Rasmussen, with the revisions suggested by Russell on the basis of
the comparison of Ra i with the analogous spectra Be i, Mg i, Ca i, Sr i, and Ba [. In the
first column of the table Rasmussen's notation is entered. The changes in analysis can be
detected by comparing the designations in this column with those in column three.

There are 69 classified lines between 2955.65 A and 9932.21 A. Observed intersystem
combinations connect the singlet and triplet systems of terms.

The limit is from the 'F0 series. Rasmussen's value has been increased by 627.66 K to
agree with the revisions introduced by Russell in the connection between certain groups of
terms.

REFERENCES

E. Ragmussen, Zeit. Phys. 87, 607 (1934). (I P) (T) (C L)
H. N. Rumle, Phys. Rev. 46, 989 (1934). (I P) (T) (C L)

Ral Rai

Author Config. Desg. Level Interval Author Config. Desig. J Level Interval

I1'S, 7.' 7s' 1S 0 0.00 311), 7s('S)ed 6d ID 2 17081.45

2'P, 7*('S)7p 7p 3Po 0 13078.44 920.94 2 1P, 7&(2S)7p 7p 'P* 1 50715.71
2 P•, 1 13999. 88 2689. 16
2 IP, 2 16688.54 23S, 7*('S)8s so is 26754.05

3 ID, 7s('S)6d 6d ID 1 13715 85 27812 dp 'F, 6d(ID)7p 7p' 'F 2 f8088. 05 2079. 73
38D1 2 1399& 97 783 8F 3 30117.78
VD, 3 14707.35 71&. 38 , .85,367.78 2250.0



U2

Auth, cow& Duds J lewd Inhumiwa Autha, C004~ Dug.I& ee Le dJawasl

4'Do G4'D)7p 7p' D* 2 AWM 14 3%S 78("S99 9. as 1 34478.7

7s(I)SP Sp aF. 0 8105.5so 477.41 4 F 78("8W 5f 'r 2 8555.85 13
SiLL 26.35". 04*F S &o

7PS 7pP SP 0 78MV)G 6f SFO 2
4 $Do 1 31248.61 1616 6I, 3 57DM N 7

A op. 2 IM8L 13 6 IF, 4 3799. 64

dd P, 7g(SM)7 Ud &D 1 32000.82 _.17028M)7 7f IFO
4 ID: 2 31995341 20&jj 87 'SIF 3 5985.9 so os0
48D. 3 32197.28 6IF, 4 #856.9M

MI D, 730 7pl D 2 3214. 84 7'IF, 7*(28)Sf 1I F* 2 40519.5 OL
7'?,a 3 40519.5

4p ID, Gd(ID)7p 7p1 &Do 1 5555.907 27&6.2 7O,4 40551.58
ds 3D2 2 5850659
dj $Do 3 S8197-46 OK 87-------- --- ---- -- --- --

8 OP, 7e("S)p Sp 'F. 1 51557' 65 Ra I1('Sw4 Limit - .42577.35

6d(ID)7p 7p' 'F. 0 85785. 41 41 29
dp Pq1 5585. 70 55121

d 1 1P1 2 5458.901

March 1965.

Ra i Ossazawu Tzrn'0

Configuration
1.'2.' 2pS' 3 Observed Terms

so W "5;_ __ _ __ __ __ _ __ __ _

710 7p'IP 7p I

7(M f1, of So 7, Sp 'F. 6, 7d ID 5--Sf IF.
17, Sp 'P* 6d ID

5dIDn 7p' 'P0  7p' 'D' 7p' 'F.
1. 7pI 'D*

VFor predicted terms in the spectra of the Ra i Isoelectrouic seqluence, see Vol. ut, Introductfon.



VI r

(TIi z uqueee; S7 ehbotm ) ZU088

Groed gte 10 20 30m V 3d' 4,0 490 4P' 5' Sp W . 6' W 7s

7* %%, 81842.8 K 1. P. 10.144 Toile

TheG ana'lyi is by RaIMnnue who he. csMified 64 lium in the rang 1888.7 A to 9M.357 A,
from obsowatowm mae& with a hollow-cathode source The spetmm pies wl-utalih
series of doublet twins Rauuussa srenew the "mmlaity a1this spetmui and 13s a.

Rev ied values Of the Of 'r term are trom "h %&wraed cocehiatis with 7d ID given In the
Inte reierouce

K. Remrninm, Ide PhyiL 6Sk 4 (Is"). (I P) (1 (C L)
x. RUMUMM4 Ida Phyg. 3?, 615 (1864. (0 Q~

Banl Ra u

ConS& DW& j JAY! lintern! Comns. Dahl. J Lel Inteval

6p1(3)7s 7sIS 034 0.00 6,1(8)I0. 10.18 034 66U37.88
Wp18')6d 6d ID 1 120 87411 7 pQ)9 dI 6836407

6p(1S)7p 7p$'r 0~ 01351.50 4887.66 6,(k'6)66 SG ' K 334% 69M63 Bs

""I&sl N 4"0 W,(43)118 lus's 0N 7117192

WSMU D61 474404'Q)lOd 10d ID 1~ 7204& 06 K7
2%(')7 7d ' l 4874 9&4404 7212& 78

"o5fSo 2 8WM " 33 1('S)7g 7# '0 334.4% 72824 87
34 4W70? 6Pi1('8)1d lld ID 1% 7443t404

WQBBP p 4* 0 so5.801 7804sSG 2% 74481 51 ft4

55595to.05 1710 p1s)I8 3%, 34% 7494L 91

6p'C)gs 9000 03 5016&.23 6P#Ml1u 12d ID 1%

6,(*S)6/ Vej'r 234 5WI. 458001 2,(89w92 3( 7689112

6p1(s)8d 8d ID 134 61734838 23& 4 '8)10 lo0910SG S 334H 77431.81
2%4 61971 82

OpS(I)9p 9,111. 034 6p1('8)lg 11910 3A 4% 78195.21

6,'S)se Sot'0 3)(644 641K0.65 Ra n wM Limit------------8184131

60"')7 V7V q 2§4 66581.58 10.8

mauch 1955
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ACTINIUM

Ae

89 elWom Z=89

G•ond sttab 1U 20 2pP 30 3P§ 396 d ' 4 4p 409r 4f 60 5P 5 s6 UP 6d tDoi

4 K I. P. volts

The observation, description, and analyses of the emission spectra of actinium have been
undertaken especially for inclusion here. The analysis is by Meggers, who has measured sad
interpreted are and hollow-cathode spectrograms made at the Argonne National Laboratory
by Fred and Tomkins. Thus far, 87 Ac i lines, with wavelengths ranging from 2968.82 A to
7880.10 A, have been classified as combinations among 40 energy levels. An estimated value
of s PVi is entered in brackets in the table. This term has not yet been found because of
the lack of infrared observations.

No serwi have been found. From a study of the screening constants, Finkelnburg and
Humbach have extrapolated an ionization potential of 6.9+0.6 volts.

REFERENCES

W. F. Mehrms M. Fred, and F. &. Tomkina, J. Opt. Soc. Am. 41, 867 (A) (1951). M
M. Fkr F. & Tomkins, and W. F. Megers, Phys. Rev. W, 1514 (L) (195). (bb)
W. l'nkelnburg und W. Humbmch Naturwims. U, 35 (1955). (I F)
W. F. Menus, M. Fred, and F. S. Tomkln, J. Research Nat. Bur. Std. U, 297, RP2763 (1967). (T) (C L)

Ac I Aci

CaA& Dehsi. J Level Interval Confkg. Desig. .J Level Interval

67.74 alD I 0.00 2L43 6d7,a"ID)7p YD 1 9066.-040.1
2) 2231.43 2)4 26555. 16 ~ 1

60(ssF)7e a'F 1) 9217.28 64& 31 6d 7#(a lD)7p I.F IO 24 £6856.20 132
2) "86359 1042.43 34 98568.40
3)4 1090 02
44 12078. 07 1172.05 6d 7#(a D)7p z 2P* 034

134 50596.61
74(a 1S)7p S %'P° 0

1) [10000-+] 6d(a'F)7p z 'G 214 51494.68 724.94
3% 59196 647.677

6d 7(sa ID)7p , 4FO 1) 1371. 90 1227. 82 4- U9867.5 562 37
2% 14940. 7 274 155 49.76
4 1 6d8(a'F)7p 1) 31800.36

6d 74(a ID)7p z 'D* 0). 17199. 71 181175 d'(a3F)7p 2)4? 59495.67
1 1901.468 2183. 41
2) V, 195. 7 2280.07 6c•(O'F)7p 1 9s918. 40
3)4 95475. 94 3d.(oa$F)7p 1% 536"'. 66

6d 7#(a 'D)7p sID* 1) 17756.96 2K445
2) 17960. 71 6d(aF)7p 3% 5 6. 45

6d 7e(a'D)7p a 'P. 0) 9401.59 399. 58 6d'(a 'F)7p 3)4 54360.-6
1½ 99801. 10
2% 25898. 88 1097. 76 6ds(a $F)7p 2 54658. -47

3347*(D)Tp s IF° 2% I969. t 1052.46 6d'(asF)7p 4% 54788. 18
6d'(a IF)7p 4 55870. 00

Gd 7#(& eD)7p OpF 0% 95799.05 I= 81
1 97009. 84

June 1967.

0 0 0 0 0 * 0
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As i Ossmavus Twuau

102 s Observed Terms

7'( s 1*)S4m
6d 7#a e'D)xz a'PO i'D* x IF

6d 74(s 'D)nz X OPO DO ~2F@
6043'F)ms 41 F Ia'G*

*For predicted terms in the spectra of the Ac z boelectronic sequence, see Vol. in,
Introduction.

Ac II

(Ra i sequence; 88 electrons) Z==89

Ground state 10 2W 2p$30 3p6 30 40 4p4 4&0 4f4 5106 dWe 60 69l7.2 11%

a k8s 97300 K I. P.12.1 volts

'rhe analysis is by Meggers, who has measured and interpreted spark and hollow-cathode
spectrograms made at the Argonne National Laboratory by Fred and Tomkins. This work
has been carried out especially for inclusion here. Meggers has furnished manuscript in
advance of publication. He states that "The Ac n spectrum is more complex than Ac i because
the 5f-electron contributes many excited odd levels. Thus far, 226 Ac ii lines with wave-
lengths from 2261.75 A to 7886.82 A have been classified as combinations of 27 even and 38
odd levels"

Racah has suggested the ji-coupling arrangement for the levels from the 5f('F*)7p con-
figuration. The tentative LS-designations ascribed to these levels agree reasonably well
both with the intensities of the observed combinations and with the theory for 2-electron
spectra by Racah.

The limit is from the 7*('S)ns series (na=7, 8), and has been derived from a Rydberg
formula, corrected by analogy with Ra ai. From a study of screening constants Finkelnburg
and Huinbach interpolate an ionization potential of 11.5 ±O.4 volts.

REFERENCES

G. Racab, Physics 14, Noe. 7A8 861 (1980).
W. T. Uqers, ML. Fred, mand F. S. Tomklns, J. Opt. Soc Ain. 41, 867 (A) I(1951). MT
ML. Fred F. S. Toznkinu, and W4 F. Meggere, Plays. Rev. O, 1614 (L) (1965). (hfs)
W. Flnkslnburg und W. Humbach, Nsturwies. 42, 35 (1955). (1 P)
W. F. Meggers, M. Fred, and F. S. Tornkins, J7. Reserch Nat. Bur. Std. 6, 297, RP2763 (1957). (1 P) (T)

(C L)

0 0 00 0



Ac - Ac U

0CoalS. Deft ,7 IAVO Interval Coaft Doi& . lovei Intm'vgd

7a I'8 0 0. 00 6d('D)7p IF •41",7. 05

Gd(AD)7# s'D 1 4739. 627. U Gd('D)7p V SPO 1 4,1M. 94
2 567. 16 21513
a 74262 26 3d(ID)5f v SDI 2 44706. W8

6d(ID)7s SAID 2 9087.54 6d(ID)f s 'IG 3 459M7. Of 1a0.61
4 47427. 7 172. 87Gd a 'F 2 1323 46 171175 5 49161.64

8 14946.21 1807.
4 1675& 90 16d(D)Sf 5ID" 1 48518.41 90 64

2 49479.05 b 65
64P a sp 0 17737.10 1278 22 8 5009. 70

1 1901M 2 slat is
2 22199.45 6d('D)5f z 'P 0 4780.M60 45. 00

1 5028. d0 102L 91
EdG bID 2 1920 02 2 51057.51

G11 a.'G 4 2048 23 7a8()8s e.s8 I 51680. 55

7aes)7p s pO 0 50956. 40 12. 12 6d('D)Sf zx O 8 58565.80
1 20180.50 96955 35
2 81878.87 7#('8)8. .28 0 874. 01

EdOD)7p s IF* 2 6448. 96 4727.64 f('FW)7psm s OF 2 54688 05
3 81174.60O
4 89119.05 7944.42 ,IG 8 54644611

7a('8)Sf SF° 2 5801. 11 1679.983 59881. 09 6dOD)5f z ,po I 66151 N

5f(I%'r)7ps 'G 4 5768. 78

d(D)7p D 1 8950.40 40,5 56 e D 3 57944.57
2 88804. 6 8607.98
3 86975.794

7s(2S)7p S pO 1 38888. 61 5f F*)7p,% e 'F 3 5907L 9

6d(lD)7p A SD° 2 85897. 15 it 'D 2 59807. 5

7s (8) 5f sF, 3 86144.35 "i e 62 4 59889.05

6d(lD)7p y 'po 0 .16780.01 7& 49 t s 'D 1 6006. 0
1 86855. 50 1516 142 $88871. 64 2 81.45 f(IFF7p AT 3 62350. 68

6d(2D)5f s' HO 4 39807 14 1109.27 4 2
5 40916. 41 e IF 4 62869L 81

" eID 2 638L 56
6d('D)Sf zx F* 2 41578.57 1697.28 , G 5 8589148

3 43875.85 1764.45
4 45040.80

6d(AD)5f s 4 465Limit 4 4679

June 1957.
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As n Osasawan Tuaua

Observed Term.

7a's

sop b ID a p*t

W Xas 7) ap (MV) III(aas)

:-D TO) a8 &D* uO x s8P Y8D* x' IF 800 xIHO
G1I~x' pIP0  a 1D* IF* XP. ,,D* ~IF* 'GO

@ 8D -aF .8
* IO D *-, .8

*For predicted term. in the spectra of the R&* i Ioelectronic sequence, see Vol. mx, Introduction.

Ac U!
(Fr i sequence; 87 electrons) Z=89

"Ground state 102 W3 0 4.24p 4d"4.P4 5 l50 6e'pa78'.

7%K L.P. volts

The analysis is by Meggerm, who first detected strong Ac ini lines on spark spectrograms
p ~made at the Argonne laboratory by Fred and Tominkia. This work hap been done especially

for inclusion here, and the results have been furnished in advance of publication.
Meggers has ascribed eight lines to Ac in, in the range 2828.44 A to 5193.21 A, because

they appeared in the arm only near the cathode, and were greatly enhanced and hazy in the
spark. He reports that two lines exhibit hyperfine components having a separation of 1.73 K,
which led him to conclude that they represent the combination from the ground state 7s 2S to
7p 'P*. Further observations over a longer spectral range are needed to extend the analysis.

By analogy with Ba ni and Tb iv Lang estimates an ionization potential near 20 volts.

REFERENCES

R. J. L~nL Canadian L Rawrch (A1 14, 46 (1936). (1i').
W. F. Moeua, I. Fred. and F. S. Toakina, J. Opt. Soc. Am. 41, 867 (A) (1951).
W. P . Meggeo, M. Fred, and F. 8 Tohe klsn, J. Research Nat. Bur. Std. ft 297, RP2763 (19d7). ( (C L)

Ac M Ac iw

7,= ,IP vot=

Conig. Dnsis. i Level Interval Cong Desig. J Lreve Interval

6pQS)7. 7#38 034 0. 0 Wp(18)5f 'f W 24 8 24257

Wegl)rS h6d 2D rie I ih lie 801 0 e 3401 th9age22.4 o5132 A e

3)4 NOBO. 0

June 1057.

they)6 Opcrd' in 4 t rs o-ly ne __etoe ndwr ral nsne n ayi
spr.2erpr3 httw ie exhb06hpe 9coponents 7ainp separatono 185.3 K, 59.

wh0 e i0o ocueta he ersn h 0obist0nfrm0 h grun stte7 St
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pag Spectrum Remarks

Hz Add references: C. J. Humphreys, J. Research Nat. Bur. Std. U, 1, RP 2380 (1953) (T) (CL);
Sixth series and other series members in far infrared. W. E. Lamb, Jr. and T. M. Sanders, Jr.,
Phys. Rev. [2) 10, 313 (1956); Fine structure of n=3.

3 D Add reference: G. Herzberg, Proc. Roy. Soc. London [A] 2U, 516 (1956); Fine structure.
4 He i Add references: W. V. Houston, Proc. Nat. Acad. Sci. 18, 91 (1927); Fine structure. C.J.

Humphreys and H. J. Kostkowski, J. Research Nat. Bur. Std. 49, 73, RP 2345 (1952) (T)
(C L); Revised term values from infrared observations. G. Herzberg, Am. Amn. Adv. Sci.
Symposium (December 1957) (I P); Limit 198310.4-±-0.3; I. P. 24.581. T. H. Maiman and
W. E. Lamb, Jr., Phys. Rev. 98, 1194 (A) (1955); Fine structure. C. J. Humphreys and
E. Paul, Jr., U. S. Naval Ord Lab., NAVORD Report 4589, 25 (1956) (T) (CL); Infrared
observations. A. G. Shenstone, unpublished material (1957); Revised level values based on
recent observations:

He I He i

Desig. j Level Desig. . Level

8. '8 1 196465. 68 13s aS 1 19762& 00

881S 0 196529. 03 13818 0 197641.53

Sd 'D 3, 2, 1 196589. 26 13d ID 2 197655. 34

8d ID 2 196589. 73 13d 3D 3, 2,1 197655. 38

9S S 1 196858. 29 14, aS 1 197720. 62

9'18 0 196907. 13 14s IS 0 197733. 82

9d 'D 3, 2, 1 196949. 41 14d 'D 2 197744. 84

9d ID 2 196949. 63 14d 3D 3, 2,1 197744. 86

10828 1 197139. 53 15' aS 1 197797. 37

1081S 0 197176. 32 15.1S 0 197808 10

10d 3D 3,2, 1 197207. 05 15d ID 2 197817. 01

10d ID 2 197207. 22 15d ID 3,2,1 197817. 08

118 1 197347. 13 16. 8S 1 197860. 11

lld3D 3,2, 1 197397. 63 16d 'D 2 197875. 8?

lid 'D 2 197397.84 16d 3D 3,2,1 19787& 17

12838 1 197503. 77 17M'S 1 197911. 78

12.18 0 197524. 83 17d D 3, 2, 1 197925. 16

12d &D 3, 2,1 197542. 55 18d ID 3, 2,1 197966. 4?

12d ID 2 197542. 69 19d 3D 3, 2, 1 198001. 2?

July 1M.

6 He II J. E. Mack (letter, Deccmber 1953) states that the term 158 2S, etc. should read 436958.026, etc.,
instead c(" 436957.026, etc.

Add references: R. Wilson, Mon. Not. Roy. Astron. Soc. 113, 557 (1953); Series members
5g2G--nh 'H0 (n--13 to 34). G.W. Series, Proc. Roy. Soc. London [A] 226, 377 (1954); Fine
structure.

8 Li i Add reference: K. Lid~n and N. Starfelt, Ark. Fys. 5, 127 (1952) (I P).
10 Li it 2s 'S should read 491361 instead of [4900791.

Add reference: H. Schfller, Zeit. Phys. 66, 431 (1930); Fine structure.

*At the end of Volume 11 a list of corrections to Volume I was appended. These are not repeated, but additional revisions are given.

0 0 0 S 0 0 0 0 0
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Page Spectrum Remarks

12 Be I Add reference: W. R. Bozman, C. H. Corliss, W. F. Meggers and R. E. Trees, J. Research Nat.
Bur. Std. 10, 131, RP 2399 (1953) (T) (C L); Observed intersystem combination gives
z=-1.18.

14 Be 'II Add reference: B. Edldn, Ark. Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
16 B I Add references: H. E. Clearman, J. Opt. Soc. Am. 43, 373 (1952) (T) (C L). E. W. Burke, Jr.

and J. E. Mack, J. Opt. Soc. Am. 44, 100 (1956) (T).
19 B Iv Add reference: B. Edlih, Ark Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
21 C I Limit sh-ould read 90514, I. P. 11.256.

Add references: B. Edl6n, Accad. Naz. Lincei Volta Cony. (Rome) 11, 58 (1952) and un-
published material (September 1952); Wavelengths and revised term values. L. Minnhagen,
Ark. Fys. 7, No. 33, 413 (1954) (T) (C L).

24 C ii Add reference: S. Glad, Ark. Fys. 7, No. 2, 7 (1954) (I P) (T) (C L); Revised analysis.
26 C III Add reference: K. Bockasten, Ark. Fys. 9, No. 30, 457 (1955) (I P) (T) (C L); Revised

analysis: Revised limit is 386213.9, I. P. 47.871; z= +51.7.
29 Civ Add reference: K. Bockasten, Ark Fys. 10, No. 40, 567 (1956) (I P) (T) (C L); Revised

analysis.
30 C v Add reference: B. Edlin, Ark. Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
32 N i The term 3s' "D is unresolved and should read 99663. The lack of resolution has been pointed

out by J. C. Boyce in private conversation.
Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L):

2p3 'D*, should read 19223.9
'D% should read 19233.1

Limit should read 117214, I. P. 14.53.
35 N u Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955). (C L)

K. B. Eriksson, unpublished material reported by B. Edldn (March 1957); Revised analysis: 0
Revised limit is 238751.1±1, I. P. 29.593; z=--382.6. 4p 'SC should read 206911.0.

43 N vi Add reference: B. Edldn, Ark Fys. 4, No. 28,441 (1952) (1 P) (T) (C L); Revised analysis.
45 0 i Add references: D. 0. Davis and K. W. Meisaner, J. Opt. Soc. Am. 43, 510 (1953) Fine

structure. G. Kvifte, Ark. Mat. o Naturvidenskab (Oslo) [B] 52, 65 (1954) (T) (C L);
Series extended. I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).

47 O i Limit should read 283244, I. P. 35.108.
Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).

50 0 U1 Limit should read 442807, I. P. 54.886.
Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).

59 0 vu Add reference: B. Edl6n, Ark. Fys. 4, No. 28, 441 (1952) (1 P) (T) (C L); Revised analysis.
66 F Iv Limit should read 703020, 1. P. 87.14.

Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
75 F vm Add reference: B. Edl~n, Ark. Fys. 4, No. 28, 441 (1952) (1 P) (T) (C L); Revised analysis.
83 Ne m Add references: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L):

2p' 1P, should read 642.9
2p4 ID, should read 25840.8

W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): Interpolated ionization
potential 63.5±0.1.

84 Ne Iv Limit should read 782768, I. P. 97.02.
Add reference: I. S. Bowen, Astroph. J. 1M1, 306 (1955) (C L):

2 P'2D•3 reads 40950+z -44.8
2D'J; should read 40995+ -

2p3 'P2 should read 62150+z 6.4
'P-Jm should read 62157+z

2p' 'D2 should read 253799+ --23
'D.j should read 253822+z 2

Other doublet terms should be revised accordingly.
*At the ed of Volume II a list of correetions to Volume I was appended These are not repeated, but additional revisions are given.
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86 No v Limit should read 101864, 1. P. 126.3.
Add reference: I. S. Bowen, Astroph. J. M21, 306 (1955) (C L).

89 Na i Add referenee: P. Risberg, Ark. Fys. 10, No. 41, 583 (1956) (I P) (T) (C L) (G D); Revised
Analysi.

96 Na v Limit should read 118513, I. P. 138.37.
98 Na vi Limit should read 1388419, I. P. 172.09.

106 MgI Add reference: R. A. Fisher and F. E. Eshbach, J. Opt. Soc. Am. 43, 1030 (1953) (T) (CL);
Revised term values from near infrared observations.

108 Mg 11 Add reference: P. Risberg, Ark. Fys. t, No. 31, 483 (1955) (1 P) (T) (C L) (G D); Revised
analysis.

114 Mg vi Limit should read 194581, I. P. 186.49.
117 Mg vU Limit should read 1814430, I. P. 224.90.
123 Mg xx Add reference: B. Edldn, Ark. FYS. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
135 Al vii Limit should read 1MS9473, I. P. 241.38.
136 Al vill Limit should read 2295500, I. P. 284.53.
143 Al xii Add reference: B. Editn, Ark Fys. 4, No. 28, 441 (1952) (I P) (T) (C L); Revised analysis.
144 Si x A. G. Shenstone, private communication (October 1957) reports following new terms:

3s 3p3 -S- 88326.16

3s 3p'('P)4s sPa 81724.8
&P, 81824.3
'PS 81976.5 152.2

3. 3p'(4P)3d 'Ps 94292.3
'P2 94366.1 -73.8
'P1  94413.8 -

He sugges~s also, that the term designated 3p9 3D* (48899.15 etc.) be deleted, and that the
series terms nd 'D0 (n=4 to 8) have n decreased by 1, (n=3 to 7), since the lowest 3D*
term has the configuration 3s 3p9.

Add references: M. A. El'yashevich and 0. N. Nikitina, Doki. Akad. Nauk SSSR, 111, No. 2,
325 (1956); Phys. Abstr. 00, No. 713, 383 (1957) (T) (C L); Report 38 3p9 WS• 88326.28.
C. C. Kiess (July 1957), confirms the term 38 3p3 WSi from two Si i lines he has measured at
3020.020A (20) and 3006.738A (10). The term designated 3d 3D* (45276.20 etc.) should have
the configuration 3s 3p'.

147 Si II A. G. Shenstone and S. L. Blatt, letter (Dec. 1957) report the following terms:

3p 'PO 0.00 4p 'Po% 134017.4
287.45 .'Ptw 134079.7 12.3

4p,• 134214.0
3p 2 4P0% 42824.394PIH 42932.91 108.52

4P24 43108.08 175.17 4p 'Si) 134906.0

z is, therefore, approximately -- 1257 and the values of the quartet terms should be revised
to fit the above data.

148 Si Wii B. Edldn, letter (July 1956) notes that the 3p9 ID and 3d 'D terms are dubious.
156 Si vin Limit should read 3445110, I. P. 303.07.
157 Si Ix Limit should read 2831470, I. P. 350.96.
163 P I Add reference: W. C. Martin, Dissertation, Princeton University (June 1956) (I P) (T)

(C L); Revised analysis: Limit 84589, I. P. 10.484.
164 P 11 Add reference: W. C. Martin, Dissertation, Princeton University (June 1956); Revised analysis:

Limit 159100, I. P. 19.72; z=--6753. 2.
*At the end of Volume II a lHst of corrections to Volume I was appended. These are not repeated, but additional revisions are given.
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166 Pm Add rfereace: W. C. Martin, unpublished material (February 1957); Revised wavelengths
and term values;

4d 1)mW should read 172428. 63 -0.77
'DIN should read 172429. 40 -0p7

Add 4p 'DIM 207036.2 3
'Dam 207361.6

168 P IV W. C. Martin, letter (July 1957); Revised analysis: delete 3d 'D* and 5p 'P0.
174 P Ix Limit should re-, DM960, I. P. 371.6.
176 P x Limit should read 34n22 , I. P. 424.3.
181 S1 Add reference: 1. S. Bowen, Astroph. J. M21, 306 (1955) (C L).
183 S n Add reference: I. S. Bowen, Astroph. J. 1M1, 306 (1955) (C L):

39 'Dm should read 14858. 0 31.8
'D*H should read 14884. 8

3ps IP-ox should read 24504. 9 46.7
2P*l1 should read *L57. 6

185 S in Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
194 S x Limit should read J"~?, 1. P. 447.0?.
195 ClI Add reference: S. Avellin, Ark. Fys. 8, No. 3, 211 (1954) (I P) (T) (C L): 3p 'P*l% should

read 885.50; Limit should read 1ft5.48.
199 Cl II Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L): 3p 'D*M should read 18118.6.
201 Cl Iv Add reference: I. S. Bowen, Astroph. J. 1M1, 306 (1955) (C L).
210 Cl xx Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From

screening constants, interpolated I. P. is 530.9±0.2.
211 Ar I Add references: C. J. Humphreys and H. J. Kostkowski, J. Research Nat. Bur. Std. 49, 73,

RP 2345 (1952) (C L); Infrared observations. T. A. Littlefield and D. T. Turnbull, Proc.
Roy. Soc. London (A] 218, 577 (1953) (T) (C L). K. Burns and K. B. Adams, J. Opt. Soc.
Am. 43, 1020 (1953) (T) (C L); Revised level values. G. H. Dieke and H. M. Crosswhite,
Ordnance Project No. TB 2-0001 (488) 38 pp. (1954) (C L); Bibliography, wavelength list,
intensities. C. J. Humphreys and E. Paul, Jr., U. S. Naval Ord. Lab., NAVORD Report
4589, 40 (1956) (T) (C L); Infrared observations.

218 Ar II Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L):
3p' 'P, should read 1112. 1
3p4 'D 2 should read 14010. 0
3p4 ISo should read 33265. 7

220 Ar IV Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L):
3p$ 2D•m should read 21090. 8

'D-H should read 21219. 5

3p9 2P*0% should read 84855.4 177. 3
2l-1% should read 85085. 7

222 Ar v Add reference: I. S. Bowen, Astroph. J. 11, 306 (1955) (C L): new term 3p2 'S0 37914.
225 Ar ix Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From

screening constants interpolated I. P. is 422.6±0.2.
226 Ar xxv Add reference: B. Edl6n, Mon. Not. Roy. Astron. Soc. 114, 700 (1954) (T); Interval of

ground term of A xiv should read 22657, derived from the coronal line observed at X4412.4A,
which replaces X4359 previously identified as [A xiv].

*At the end at Volune II 1 list of correctioun to Volume I was appanded. These are not repeated, but additional revisions are given.

0 • 0 0 0 0 S • 0 0
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227 Ki Add reference: P. Risberg, Ark. Fys. 10, No. 41, 594 (1950) (1 P) (T) (C L) (G D); Revised
Analysis.

233 K iv Add reference: L. S. Bowen, Astroph. J. 121, 306 (1955) (C L):
3p' ID3 should read 16384. 0
3p' IS, should read 38546

234 K v Add references: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From
screening constants, interpolated 1. P. is 82.6±0.4.

1. S. Bowen, Astroph. J. 121, 306 (1955) (C L):
3p$ 'WIN should read 24012.7 23.

'D*,, should read 2424.9.5 28
245 CA xi Add reference: B. Edl6n and P. Risberg, Ark. Fys. 10, No. 39, 553 (1956) (1 P) (T) (C L)

(G D); Revised analysis.
249 CA V Add reference: L. S. Bowen, Astroph. J. 121, 306 (1955) (C L):

3p4 'Pt should read 2406. 0
3p' ID, should read 18830. 1

251 CA vi Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From
screening constants, interpolated I. P. is 109 ±1.

253 Ca Vill Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From
screening constants, interpolated I. P. is 143.3±0.4.

258 CA xv Add reference: B. Edl6n, Mon. Not. Roy. Astrc- r!. 114, 700 (1954) (T): From coronal
observations, ground term of CA xv is:

2p" P 0 0 17556
1 17556 18355
2 35911

259 Sc I Add reference: M. A. Catalin y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (Y."52) (I P):
Revised limit 52750, 1. P. 6.54.

263 Sc iii Add reference: M. A. Catalin y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (1 P).
267 Se VUi Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From

screening constants, interpolated 1. P. is 139± 1.
268 Sc Vill 1. S. Bowen in conversation (July 1953) has noted that the analysis is incorrect.
273 Ti i Add references: M. A. Catalin y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) a1 P):

Revised limit 55010, 1. P. 6.82. A. K. Wardakee, J. Opt. Soc. Am. 45,354 (1955) (C L).
281 Ti m Add reference: M. A. Catslin y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (1 P).

The J-value for e I'S should read "1".
287 Ti vii L. S. Bowen in conversation (July 1953) has noted that the analysis is incorrect.

Add reference: W. Finkelnburg u W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From
screening constants, interpolated 1. P. is 172 ± 1.

288 Ti x Add reference: W. Finkelnburg u W. Humbsach, Naturwiss. 42, 35 (1955) (1 P): From
screening constants, interpolated 1. P. is 216.9 ±0.6.

301 V in Add reference: M. A. Cataldn y R. Velasco, An. Real. Soc. Esp [A) 48, 247 (1952) (1 P).
xxxvi Sc I For configurations having F-limit terms, under "Inf add S* and PO as predicted terms; for those

sequence having G-limit terms, add P0 and D* as predicted terms.

*At the end at Volume 11 a Hat of corrections to Volume I was appended. These are not repeated, but additional revisions are given..

Nonz ADDED IN Pzoor
124 Al/i B. Edldn (letter, February, 1958) states that the term 38929.42 etc. designated 4d ID should be assigned to

3s 3p3, and, consequently, the n-values for all higher ,sd 2D terms Lk~ould be decreased by one unit.
266 Be vi Add reference: B. Eldin, Phys. Rev. 62, 434 (194?) (T) - 3a 3pI IPS 224474.
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1 Cr z Add rderences: C. C. Kiess, J. Research Nat. Bur. Std. 51, 247, RP 2457 (1953) (I P) (T)
(C L) (Z E). P. Brix, J. T. Eiuinger, H. Lew, and G. Weanl, Phys. Rev. 2) 92, 647 (1953)
(Z E).

10 Cr u In the array of observed terms the second '%aLry ýdJer "Config." should read 30 40 instead of
3d' 4#.

G. Racah (1953) has suggested that the configuration of the term c 'P should read 3d'(b 'P)4a
instmad of 30 40.

14 Crux Add references: M. A. Catalin y it. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (1 P).
F. L. Moore, Jr. (Thesis, Princeton 1949), Univ. Microfilm Publ. No. 10, 972, 172 pp.;
Dissertation Abstract (Ann Arbor, Mich.) 1A 432 (1955) (I P) (T) (C L).

27 Mn i Add refeoroes: M. A. Catalln, J. Research Nat. Bur. Std. 47, 502, RP 2278 (1951) (Z E).
M. L. Espinosa, An. Real. Soc. Esp. [A] 48, 223 (1952) (Z E).

M. A. Catalin (1953) in private conversation has suggested t:at the term e 'F is somewhat
dubious.

32 Mn it Add references: R. E. Trees, Phys. Rev. (2) 83, 756 (1951): Notes that the configurations of
a 'G and b "0 as published in "AEL" should be interchanged in accordance with Curtis'
1952 paper. 0. Garcia-Riquelme, L. Iglesias, y R. Velasco, An. Real. Soc. Esp. [A] 53, 77
(1957) (I P) (T) (C L). L. Iglesias, J. Opt. Soc. Am. 4", 449 (1956); 47, 852 (1957) (T)
(C L) (E D).

40 Mn v Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L).
41 Mn vi Add reference: I. S. Bowen, Astroph. J. 1W1, 306 (1955) (C L).
49 Fe i Add references: M. A. Catalin y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).

B. Edldn, Trans. Intern. Astron. Union 9, 219 (1955) (T); Revised term values. J. Blackie
and T. A. Littlefield, Proc. Roy. Soc. London [A] 234, 398 (1956) (C L).

55 Fe iI Add reference: M. Sales, An. Real. Soc. Esp. (A] 4S, 15 (1953) (T) (C L) (E D).
60 Fe m Add references: R. E. Trees, Phys. Rev. [2] 84, 1089 (1951) (T). I. S. Bowen, Astroph. J.

121, 306 (1955) (C L). S. Glad, Ark. Fys. 10, No. 22, 291 (1956) (I P) (T) (C L) (E D);
Extension of analysis.

66 Fe v Add reference: I S. Bowen, Astroph. J. 121, 305 (1955) (C L).
67 Fe vi Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L): The following terms should

read:
a 'F 1% 0.0 5109

2% 510.9 678
3% 1189
4% 2002

a'P 0% 18738.1 205
1% 18943
2% 19612

a G 3% 20617
4% 21315

69 Fe vu Add reference: I. S. Bowen, Astroph. J. 121, 306 (1955) (C L): The following terms should
read:
" OF 2 0.0 1050.2

3 1050.2 1276
4 2326

" ID 2 17474.3

"a P 1 20428.5 842
2 21270
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78 Cot Add reference: M. A. Cataln y R. Velasco, An. Real. Soc. Ep. [A] A 247 (1952) (1 P):
Limit should mad 63M.

The configuration amignment@ of b 'D and b 2G should be intrchanged.
85 Co M Add reference: M. A. Catalin y R. Velasco, An. Redl. Soc. EAp. [A] 4k 247 (1952) (1 P).

103 Ni m Add references: M. A. Catalin y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).
A. 0. Shentone, J. Opt. Soc. Am. 44, 749 (1954) (I P) (M) (C L); Revised analysiL
0. Garcda-Riquelme, An. Real. Soc. Esp. [A] 51, 59 (1955) (C L) (E D).

111 Cu I Add iofaience: K. Murakawa, J. Phys. Soc. Japan U, No. 7, 774 (1956) (hfs).
121 Cu in Add reference: M. A. Cataldn y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).
124 Zn I Add reference: W. R. S. Garto_: and A. Rajarstnam, Proc. Phys. Soc. London [A] 68 1107

(1955) (T) (C L): Suggests that the level at 80795 should have the designation 49 8P,.
128 Zn ii Add reference: M. A. Catalin y R. Velasco, An. Real. Soc. Eop. [A) 48, 247 (1952) (1 P).
130 Ga t Add reference: W. R. S. Garton, Proc. Phys. Soc. London [A] 46, 268 (1952) (T) (C L).
133 Ga iu Add reference: M. A. Catalin y R. Velasco, An. Real. Soc. Esp. [A] 48, 247 (1952) (I P).
135 Go i Add references: G. V. Deverall, K. W. Meiener, and G. J. Zissis, Phys. Rev. [21 5,1463 (1954)

(T) (CL); Precision measurements. R. D. Van Veld and K. W. Meismner, J. Opt. Soc. Am.
44, 598 (1956) (T) (C L). K. L. Andrew and K. W. Meisner, J. Opt. Soc. Am. 47, 850 (1957)
(T) (C L): Report new term: 4 4pOSV 41926.7*6.

144 As ii A. M. Crooker and R. E. Bedford, unpublished material (December 1955) (1 P) (T) (C L);
Revised analysis: Limit should read 150290, I. P. 18.63.

146 As in Add references: R. E. Bedford and A. M. Crooker, Phys. Rev. [2] 6, 845 (A) (1954) (T); un-
published material (1955) (1 P) (T): Limit should read 228 , I. P. 28.34.

147 As iv Add reference: R. E. Bedford and A. M. Crooker, Phys. Rev. [2] 6, 845 (A) (1954) (T).
156 Sev Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From

screening constants, interpolated I. P. is 68.3±0.1.
159 Br i J. L. Tech, unpublished material (July 1957) (T) (C L) (Z E): Reports new description and

analysis of the spectrum being made at the National Bureau of Standards by J. L. Tech
and C. H. Corliss.

163 Br m Add reference: Y. B. Rao, Indian J. Phys. 30, 371 (1956) (T).
164 Briv Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From

screening constants, interpolated I. P. is 47.3.
165 Br v Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (I P): From

screening constants, interpolated I. P. is 59.7±0.1.
166 Br vi Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From

screening constants, interpolated I. P. is 88.6±0.2.
167 Bryn Add reference: W. Finkelnburg und W. Humbach, Naturwiss. 42, 35 (1955) (1 P): From

screening constants, interpolated I. P. is 103.0±0.4.
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169 Kr i Add reference: C. J. Humphreys and E. Paul, Jr., U. S. Naval Ord. Lab., NAVORD Report
4600, 29 (1967) (T) (C L); Infrared observations.

In 1952 ref., page no. 73 should be inserted. The level at 105989.60 should have the J-values
4,5.

184 Rb n Add reference: H. Kopfermann, A. Steudel, und J. 0. Trier, Zeit. Phys. 1"4, 9 (1956) (hfs);
Fine structure, corrections to analysis.

191 Sr u The designations for the 'G series should have a increased by 1, i. e. a=5 to 11.
196 Y I Add references: M. A. Catalin y F. R. Rico, An. Real. Soc. Esp. [A) 48, 328 (1952) (T P):

Revised limit 51"44, I. P. 6.38. L. F. H. Bovey, Proc. Phys. Soc. London [A) 68, 79 (1955)
(C L); Infrared observations.

199 Y U Add references: M. A. Catalhn y F. R. Rico, An. Real. Soc. Esp. [A] 48, 328 (1952) (I P):
Revised limit 98650, I. P. 12.23. L. F. H. Bovey, Proc. Phys. Soc. London [A) ON 79 (1955)
(C L); Infrared observations.

201 Y n Ad& reference: M. A. CatalUn y F. R. Rico, An. Real. Soc. Esp. (A] ^ 85 (1957) (1 P):
Revised limit 185500, I. P. 20.51.

205 Zr i Add reference: M. A. Catalhn y F. R. Rico, An. Real. Soc. Esp. [A) 48, 328 (1952) (I P):
Revised limit 55145, 1. P. 6.84. The level v IG3* 36941.65 has Obs. g=0.87.

209 Zr xx Add references: C. C. Kiess, J. Opt. Soc. Am. 43, 1024 (1953) (T) (C L); Extension of analysis
from infrared observations; revises 44' d I) to read:
d 2D 2% 27640. 60

1% 27699.96
M. A. Catalin y F. R. Rico, letter (December 1956): revised limit should read 105900,

I. P. 13.13.
212 Zr ui Add references: C. C. Kiess, J. Research Nat. Bur. Std. U, 167, RP 2663 (1956) (1 P) (T)

(C L) (Z E); Revised analyais M. A. Catalin y F. R. Rico, An. Real. Soc. Esp. [A) 3, 85
(1957) (I P): Revised limit 185400, I. P. 22.98.

213 Zr iv Add reference: C. C. Kiess, J. Research Nat. Bur. Std. SC 167, RP 2663 (1956) (I P) (T)
(C L) (G D); Revised analysis: Limit should read 276970, 1. P. 34.33.

214 Zr vi C. C. Kiess in conversation (September 1955) has reported the analysis incorrect.
216 Nb i Add reference: M. A. Catalin y F. R. Rico, An. Real. Soc. Esp. (A] 48, 328 (1952) (1 P)"

Revised limit 55511, 1. P. 6.88.
221 Nb ii Add reference: M. A. Cataldn y F. R. Rico, letter (December 1956): Revised limit should

read 115500, I. P. 14.32.
223 Nb in Add references: L. Iglesias, An. Real. Soc. Esp. (A] 50, 135 (1954) (T) (C L); Analysis ex-

tended from ultraviolet observations. L. Iglesias, J. Opt. Soc. Am. 45, 856 (1955) (I P)
(T) (C L); Revised analysis. M. A. Catal6n y F. R. Rico, An. Real. Soc. Esp. [A] 5, 85
(1957) (I P): Revised limit 202000, 1. P. 25.04.

xvin Ni z For configurations having F-limit terms, under "nJ" add So and P0 as predicted terms; for those
sequenice having G-limit terms, add P0 and D1 as predicted terms. Similarly, under "ng", for F-limit

terms, add P and D as predicted terms; and for those having G-limit terms, add S, P, D, F
as predicted terms.

NoTr ADDEO IN PROOF)

130 Cal B. Elddn (letter, February 1958) states that the n-values for af 2F* terms should be increased ss follows: 4 to
5, 5 to 7; 6 to 8; 7 to 9. The terms 4fIF* and 6f F* are still missing.

202 Y v B. Edldn (letter, March 1958) reports the analysis incorrect.
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